April 1, 2019

SENT VIA CERTIFIED MAIL AND EMAIL TO;

guilaran.yu-tingi@epa.gov, harty.thomas@epa.gov, hathaway. margaret:
synderman,ste ven@repa.gov.

e P oY, and

Yu-Ting Guilaran, Director, Pestivide Re~avaluation Division

Steven Suyderman, Chemical Review Manager for Imidacloprid and Dinotefuran
Margaret Hathaway, Chemical Review Manager for Acetamiprid

Thomas Harry, Chemical Review Manager for Clothianidin and Thiamethoxam
LS. Environmental Protection Agency

{Ofice of Pesteide Programs, Mail Code 75080

1200 Pemnsylvania Ave., NW

Washington, D.C. 20460

RE: Imidacioprid Registration Review, Case No. 7603, EPA-HQ-OPP-2008-0844;
Clothianidin Registration Review, Case No, 7620, EPA-HQ-OPP-2811-0865;
Thiamethoxam Registration Review, Case No. 7614, EPA-HQ-OPP-2011-0581;
Dinotefuran Registration Review, Case No. 7441, EPA-HQ-OPP-2011-0924:
Agetamiprid Registration Review, Case No. 7617, EPA-HQ-OPP-2012-0329

Pear Ms. Guilaran, Ms. Hathaway, Mr. Harty, and Mr. Snyderman

[write on behalf of the Natural Resources Defense Council (INRDCY w potify you of three newly
published studies that raise serious concems abowt the ubiguity of neonicotinoid insecticides
{(“neonics”) and thew byproducts m drinking water and the potential mammalian toxicity of these
compounds, See Kathryn L. Klarich Woung et al., Chlorinated Byproducts of Neonicotinoids and
their Metabolites: An Unrecognized Human é{-.\vﬁiﬁ{mi;?‘*’ Potenticd?, Environ, Sci. Technol. Lett,
6(23, O8-103 (2019 (A 1 Tamanna Sultana et al, Neonlvorinold Pesticides in [}i"m.éw%’ e

t sems of Southers Ontarin, ilr,ffmcfgz Chemuosphere 202, 506-313 (March 2018)
(At 2y Elise Hughes Berheim et al., Efiecrs of heonicotinoid Insectictdes on Physiviogy and
Reproductive Characteristics of Captive Female and Fown Whire -taifed Deer, Scientific Reports
354 (March 2009y (A 3 EPA must consider these studies in its pending registration
reviews of m’ud&m;pn& clothianidin, thamethoxam. dinotefuran, and acetamiprid under the
Federal Insecticide, Fungicide. and Rodenticide Act (FIFRAY 7 ULSIC § 136 et seq.

As explamed below, cach study is directly refevant to EPATS human health visk assessments and
telerance reviews for all frve neonies. Both drinking water studies demonstrate that neonics are
routmely detected m drmking water and freguently survive conventional water treatment
processes. Moreover, Klarich W ong et al. show toxie neonic degradates in treated drinking water
and signal deﬂﬁ“"i“ research that is likely to find additional, potentially toxic neonte chlorinated
byproducts 1o treated drinking water, The third study, by Berheim et al., shows that imidacloprid
can have wide-ranging impacts on endocring. fmmune, and reproductive systems in mammals.
Hecause neonics are good candidates for a cumulabive risk assessment based on their similar
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chemical structures and pesticidal action in nsects. each study is refevant to all neonics
currently under registration review,

Both FIFRA and EPA’s mmplementing regulations require EPA to consider the most current
information to ensure that the reviewed pesticide or pesticide class does not cause unreasonable
adverse effects on the environment (the “FIFRA standard™) before issuin g aregistration review
decision. 40 C.F.R, § 155.400a)(1) (stating that registration reviews are intended to ensure that
pesticides meet the FIFRA standard “hased on current scientific and other knowledge.”)
{emphasis added); ¢f 7 US.C. § 136a()(1 M A) (requiring “periodic review™ of registration every
fifteen years to ensure pesticides meet the FIFRA standard ). The comment periods for all neonic
human health risk assessments closed prior 1o publication of the studies by Klarich Wong et al,
(Jan. 2019) and Berheim et al. (Mar. 20 19}, Moreover, Sultana et al, published their study after
the close of the comment period for EPA’s human health risk assessment for imidacioprid.” EPA
must not issue final registration decisions without considering the risks raised in these studies,
See 40 CER.§ 1554002 1). West Harlem Environmental Action v. EPA, 380 F. Supp, 2d 289,
295 0. 2 (S.DNLY. 2005) ¢ re-registration of pesticide without requiring previous mitigation
measures was arbitrary and capricious, in part, hecause EPA “inexplicably [T chose to ignore™
data outside the administrative record that was “obvious{ly] . . . responsive to fa] key question™).

To ensure EPA’s registration review decision reflects current scientific knowledge, we urge EPA
to publish addenda 1o its human health assessments or issue revised hurnan health assessments.
EPA should solicit public comment under etther approach. EPA has previously used an
addendum to supplement a completed human health assessmentowith new data. See, €8,
Fluazianam; Addendum to the Human Health Risk Assessment for new Uses and Registration
Review: Incorporation of New Acute Toxicity Data and Updated Restricred Entry Interval (Feh.
4, 2013). Moreover, EPA explained in the public notice of its Imidac toprid Human Health
Assessment that the agency may publish a revised risk asséssment befisre completing its review
decision, Registration Review:; Draft Human Health and/or Ecological Risk Assessments for
Several Pesticides; Notice of Availability, 82 Fed. Reg. 43,006 {Sept. 13, 2017). EPA must
undertake one of these established Processes w ensure that EPA's registration review decision’
reflects current data on human health risks of neenic use. -

" Thiamethoxam, clothianidi 1, imidaclopsid, and dinotefuran all share 2 nitro guasiding grouping and all five neonies
actas agonists of e aicotinic acetvlcholine receptor in insects, DU, Kanne etal., Neonicodinoid Nitroguanidine
Insecticide Merabotites! Synthesty wud Nivatinic Receptor Poreacy of Guanidines, dminoguanidines. qmd Their
Derivatives, Chem, Res, Toxicol, 18019}, 147984 (Sepe. 2003}, Abdessalam Facint Et Hassanl et al,, Effeves of
Subdethual Dases of Aretamiprid and Thiamerhoxans an the Bekavior of the Honeyhee, Arch Environ, Contarm,
Toxicol. 34:653-61 {2008 see aivo EPA, Guidande for ldentifving Pesticide Chemicals and Citlier Substances that
Have a Common Mechanism of Toxicity {Jan, 29, 19993 {hereafler “ 1999 OMT Guidanees™),

“EPA issued human health sssessments for public comment ou the following dates: hddacloprid from Sepiember
13, 2017 o November 13, 2017; clothianidin, thiametho sam, and dinotefuran from December 21,2017 1o April 21,
2018 and acetamiprid from Feb, 27, 2018 w0 April 30, 2018, NRDC subinitted detailed comments on EPA’s hummy
health assessment for imidacloprid. Commems frony the Natural Resources Defense Council on the Imidacioprid:
Hurman Health Draft Risk Assessment for Registration Review, Doc. ID EFA-HOQ-DPP-2008-0844-1235 (Mov, 13,
2007y (A 4.

)
e
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Lecal Backeround

L. The FQPA Requires EPA to Consider Risks Posed by Pesticide Degradates and
Muetabolites in Drinking Water.

The Food Quality Protection Act {FQPA) amendod the Federal Food, Drug, and Cosmetic Act
(FDXCA) to require EPA to consider additional factors when establishing tolerances for pesticides
on or in food, See 21 U.S.C. § 346a(b)2)D0. It also incorporates tolerance review info FIFRAs
registration procedures. See 7 U.S.C. § 136{hb). EPA may only establish a food tolerance fora
pesticide if it determines that “there is a reasonable certainty that no harm will result from _
aggregate exposure to the pesticide chemical residue, meluding all amicipme{i dictary exposures
and all other exposures for which there is reliable information.” 21 U.S.C. § 346a{a)(2)( ANy
{hereatter “FDUA standard”™). EPA must consider “the aggregate ex posure im el of

consumers.. . . to the pesticide . . and o other related substances,” id. § 346a(a)2)(D)(vi). This
includes exposure to the pesticide and other related substances from all “other non-occupational
sources,” id., including drinking water, See. e.g., EPA, Imidacloprid. Human Health Assessment
Scoping Document in Support of Registration Review 3 (Dec. 3, 2008) (explaining that exposure
to imidacloprid in drinking water would be incorporated info the dietary assesstent),

Degradates and metabolites of pesticides are among the “other related substances”™ which EPA
must include in its tolerance assessment. See, e.g., Proposed Order Granting Objettions to
Tolerances and Denying Request for a Stay, 76 Fed. Reg 3,422,.3.442 (Jan. 19, 201 1) (rejecting
argwments that the tolerance assessment could not-inchide ﬂﬁoﬂdc a degradate of the pesticide
sulfury] fluonide, added to dnnking water In its aggregate risk assessment of the parent
pesticide). Further, EPA must consider exposure to “other related substances,” such as
metabolites and degradates, through drinking water. Intidacloprid; Ovder [}t,nvmé Objections to
Issuance of Tolerance, 69 Fed. Reg. 30,042, 30,073 (May 26, 2004); see also id., EPA Office of
Pesticide Programs, Estimating the Drinking Water Component of a Dietary Exposure ‘
Assessment 18 (Nov. 2, lQ@Q}{“{U}sefumem of the [water] monitoring data 1o a risk assessment™
depends partly on “inclusion of important metabolites and degradates.”). EPA has implicitly
acknowledged its obligation to consider risks posed by pesticide degradates and metabolites in
drinking water. See EPA, Imidacloprid: Humar Health Drajt Risk Assessment for Registration
Review 22 (Jun. 22, 2017) (including imidacloprid urea, guanidine, and olefin in the water
residue profile).

IFEPA does not have “reasonable certainty™ that ageregate pesticide exposure allowed by a
tolerance will avoid all harm to human health, it must revoke the tolerance, 21 US.C. §
346a{a} 20 ANiL); see also League of United Latin Am. Cit, v. Wheeler, 899 F.3d 814, 829 (9th
Cir, 20108) (rehearing en boane granted, 914 F. 3d 1189 (9th Cir. 20190 (holding EPA s own
conclusion that there was “significant uncertainty” regarding effects of chlorpyrifos *mandates
revoking the tolerance” for that chemical.). C

In sum, when conducting a tolerance assessment for any pesticide, EPA must consider risks

posed by degradates and metabolites of the parent pesticide compound if exposure to those
substances results from any non-occupationsl source, including drinking water. If EPA cannot
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conclude with “reasonable certainty” that the tolerance level in effect for a pesticide will not
harm human health, EPA must reduce or revoke that tolerance.

IL EPA’s Tolerance Assessment During Registration Review Must Reflect Current
Science.

FIFRA requires EPA to reassess tolerances for a pesticide during the registration revieyw process.
See 40 C.FR. § 155.40a), 7 US.C. §136(bb). Registration review is designed to ensure that a
registered pesticide does not cause “unreasonable adverse effects on the environment.” 40 CFR,
§ I55.40(a). That standard includes “a human dietary risk from residues that result from a use of
a pesticide in or on any food inconsistent with” the FDCA standard. 7 U.8.C. § 136(bb).

EPA must consider the most recent studies and datm available during registration. review. Sge 7°
US.C§ 136a(c)3), (A 40 CF R § 155.40{a){1). The FIFRA registration process reflects
Congress’s intent that no pesticide should be used if it generally causes unreasonable adverse
effects on the énvironment. See generally 7 US.C. § 136a( c)(5) Congress designed the
registration review process to ensure that EPA’s determination under that standard reflects the
most recent informaticn regafding pesticide risks. Cf-id. § 136a(g 1 yA) {requiring “periodic
review” of registration every fifteen years to ensure the pesticide satisfies the FIFRA standard).
EPA’s regulations reinforce this requirement. 40 C.FR. § 155.40(a)( 1) (" Registration review is
intended v ensure that each pesticide’s registration is based on current scientific and other
knowledge regarding the pesticide, including its effects on human health and the environment.™),
Both FIFRA and EPA’s regulations, therefore, require EPA to consider during re gistration
review the most recent in.ﬁmnatibn about environmental and hiunan health unplications of
pesticide exposure, [F EPA's registration review decision permits continued registration of a
pesticide without addressing this information, EPA violates both FIFRA and the Administrative
Procedure Act {APA). 5 USC, § 706. CF. West Harlem Environmental Action, 380 F. Supp. 2d
at 295 n. 2 {re-registration of pesticide without requiring previous mitigation measures was
arbitrary and capricious, in part, because EPA “inexplicab b 1] chose to ignore™ data outside the
administrative record that was “obvious{ly] . . . responsive to [a] key question™).-

Study Overviews

L Klarich Woung et al, (2019

Klarich Wong et al. (2019) report two overarching results that EPA must consider in its
registration reviews. First, clothianidin, imidacloprid, and thiamethoxam, as well as two toxic
metabolites of imidacloprid, were detected in finished drink ing water. Second, potentially highly
toxic chlorinated disinfection byproducts of all five substances can be tormed through routine
chiorination during water treatment. Moreover, the authors ontline upcoming studies that are
likely to lend further support to the hypothesis that people may be exposed 1o these chlorinated
byproducts through treated drinking water, These results su ggest that the risks associated with
neonie exposure through drinkin & water are potentially far greater than EPA’s health assessments
SUggest,
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A, Traditional Water Treatment S’Wm'kﬂd‘i Fail to Remove All Neonics from Drinking
Water.

To assess the effectivencss of two water wearment methods in removing neonics and their
byproducts, researchers collected three categories of water samples at two water treatiment
facilities: raw (pre-treatiment), treated (inmmediately post-treatment), and tap (from the favcet of a
home served by the treatment facility). At 1 at 4, The first facility (U “use[d] direct surface
water and conventional coagulation/flocculation/sand-filtration with mixed powdered activated

- carbon during high disselved organic matter {DOM) conditiang {to control DBP formation).” Id.
The second (1C) used “an alluvial well-field wsth granulated activated carbon (GAC) filter-
beds.” Id*

Clothianidin; imidacloprid, and thiamethoxam were detected above the lower level of deteuum
in.all raw samples for both facilities. 44 at 6. A three neonics were also dutuutuﬂ m Ul tap water
samples, with clothianidin and thiamethoxam detected in both treated and tap water from the Ul
plant. Zd. at 7. Thiamethoxam was also detected in both treated and tap water at the IC plant. /d
These results demonstrate limited effectiveness of conventional water treatment methods,
especially the method used at U, in remoy iﬂgﬁ 2 these substances. These results are largely
consistent with an earlier study finding neonics in finished drinking water. See Klarich et al.,
Cocurrence of Neonde m’;f:um’s in Hmsked Dnnkmg Herer ma’ Fake i}umwii ater 1h eamwm,
Environ. Sci. Technol. Lett. 4(5) 168-73 (2017). ‘ |

In addition w the parent compounds above, the researchers detected, for the first time, two
imidacloprid degradates in drinking water. Att. 1 at 6. Desnitro tmidacloprid was detectable in
every sample and was present abiove the lower level of detection in six (6) of the nine (9)
samples analyzed. [d. Intap water. desnitro imidacloprid was detected in concentrations behween
03-.06 ng/L from the Ul plant and less than .03 ng/L. from the IC plant. Id. Further, imidacloprid
urea was present al levels above the lower level of detection in five of nme total samples
analyzed and was detected in Ul tap water samples between 22 and 29 ng/L. Id

Though these degradates were detected at low concentrations compared to the parent compounds
considered in EPA’s health assessments, desnitro inidacloprid is substantially morg toxic than .
imidacloprid in mammals. i at 3 (desnitro imidacloprid is 317 times more toxic than
imidacloprid based on {C30); #d. at 7 ("Desnitro-imidacloprid has a substantially lower s
value than imidacloprid for vertebrates, ndicating greater binding response (8.2 vs 2600 nM 1.7
vs 530 pgdL ], respectively).”).

The 2019 study, therefore, bolsters existing research showing that traditional water treatment
methods are not completely effective in removing neonics from drinking water. It also shows for

* These twi waler treatment methods employ tecliniques that are representative of modern municipal water
freatnent, Su Canter for Disease Cowtroly Bater Treatment: Community Water Treatmeny (Jan. 20, 2013},
F2rozd2 {Coagulation, foceulatton, sedimentation, Sliration, sand disinfection are the most CoOmmen
< in rodern waler treatment. 3 EPA, Drinking Warer Treatability Darabase: Gronulor dvtivated Carbon,
ML 2 Wad 33T {(“Activated carbon is commonty used | . . In drinking water weatment” and the two main

hapse
rypes are grandar scltivated and powdered activated carbond.

5
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the first time that highly toxic degradates of imidacloprid are also present in finished drinking
water. EPA must incorporate and ana tyze this new information as part of its tolerance analysis
for cach neonic, '

B. Traditional Water Treament Methods May Produce Chlorinated Disinfection
Byproducts of Neonics in Drinking Water, :

In addition o the water sampling described sbove, the authors assessed whether water treatment
conditions could cause neonics and their degradates to transform into potentiaily highly toxic
chlorinated disinfeetion byproducts. To do so. the researchers simulated water treatment
conditions in a lab using pH adjustment and addition of free chlovine to the neonics detected in
drinking water, A, 1 at S, : :

The authors found that both desnitro imidacloprid and imidacloprid urea de graded readily at
chlorine cancentrations and time periods typical of drinking water disinfection and distribution,
indicating likely formation of chlorinated byproducts in finished drinking water under real-world
conditions. Id. at 8. Unlike carlier estimates of the half-lives of other neonics in similar
conditions, the authors determined that the half-life of desnitro imidacloprid can be measured in
minutes. /4. Moreover, the study found that thiamethoxam hydrolyzed readily at pH levels
comparable to those achieved through lime softening durin g water treatment. /i at 11. Alkaline
hydrolysis of thiamethoxam produced two compounds, one of which (THX-H 237) the study
authors predict will react with chlorine at time-scales relevant to water treatment and
distribution, /¢,

The study authors then predicted chemical structures for the chlorinated byproduets of desnitro
imidacloprid, imidacloprid urea, and thiamethoxam, as well as imidacloprid and clothianidin,
which had previously been shown to be reactive with chiorine. They note that although the
mammalian toxicity of these disinfection byproducts is nat fully understood, several of the
predicted chiorination byproducts exhibit structural changes that impact how the molecules bind
with receptors. This could change the bioactivity of the molecules. and several “appear to lose
the nitro~group through chlorination or hydrolysis, and/or gain one or more chlorines—both
characteristics that may increase mammalian toxicity.” I at 16,

[ sum, the 2019 study demonstrates a high risk that commonly used water treatment methods
may transform neonies into more toxie chlormated byproducts. Though more research is needed
to conclusively determine whether these byproducts oceur in finished drink ing water and to fully
understand their toxicity, this vesearch s underway. The authors predict that these byproducts
may be significantly more toxic 1o humans than their parent compounds, EPA must consider the
potentially substantial human health visks in its registration review assessments of neonics.

IL Sultana et al. (2018)
Suhana etal. (2018) conducted a simi lar study to determine the extent of neonic contamination
ol raw and treated drinking water in Canada, The researchers analyzed removal of neonics by

water treatment facilities by using Polar Organie Chemical Integrative Samplers {(POCIS) and
grab samples at six facilities in rural Ontario, Att. 2 at 306. All facilities used “conventional
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treattnent systems, including coagulation, flocculation, sedimentation, filtration and chlorine
disinfection.” Id. at 512, The authors tested for imidacloprid, clothianidin, thiamethoxam, |
acetamiprid, thiacloprid, dinotefuras, and S-hydroxy imidacloprid in both raw {pre-treatment)
and treated drinking water ar each facility. fd at 507 ‘

In grab samples, clothianidin, thiamethoxam, and imidacloprid were detected in raw drinking
water at all six facihities. Both thiamethoxam and imidacloprid were alse detected in treated
drinking water at tour and three of the weatment facilities, respectively. /. at 510 (Table 3).
Where detected, average concentrations of thiamethoxam in treated water at the six facilities
ranged from 20.1 to 91.7 ng/L., while concentrations of imidacloprid in treated samples ranged
from 2.4 to 4.8 ng/L.. The authors note that peak concentrations in drinking water were likely
missed, since the samples were taken in early July, but the pesticides are rypically appiiad a
month carlier, /d. at 512,

POCTS samples were used to determine time weighted average (TWA) concentrations of the
neonics over a 13-13-day period for cach treatment facility, This sampling method detected
thigmethoxam, imidacloprid, clothianidin, thiscloprid. and acetamiprid in both raw and treated
drinking water at thiee of the six facilities. /4 The study authors note that TWA concentrations
were largely consistent with grab sample concentrations. Id. at 511, Moreover, they conclude
that the results of the study are consistent with drinking water samples analyzed in Towa by
Klarich et al. in 2017, See generally Klanch (20173, supra p. 4.

[11. Berheim et al. {2019)

In a third study, rescarchers analyzed the endocrine-disrupting effects of inudacloprid on white-
tailed deer by administering aqueocus imidacloprid through drinking water to captive does and
fawns. Att. 3 at 1. The study authors compared water consumption, thyreid hormone function,
behavioral responses, jawhone measurements, and imidacloprid concentrations in organs among
four treatment groups: high, medium, and low imidacloprid exposure and an untreated control
group. fd. at 1 '

The study found that higher concentrations of imidacloprid in the splesn were correlated with
higher mortality rates. id. at 7, and shorter jawbone lengths in fawns, id at 6. Additionally, fawns
with higher concentrations of imidacloprid in the spleen and genital organs were generally
smaller and less healthy. /d. Concentrations of imidacloprid in fawn spleens was also inversely
correlated with levels of free thyroxing hormenes, likely causing lower metabolic rate and
observed decreases in physical activity among affected fawns, A Witer consumption was also
inversely correlated with imidacloprid concentration, indicating that the deer avoided drinking
water contaminated with imidacloprid. /¢, at 8. However, imidacloprid was detected even in
organs of the control group, showing the ubiquity of environmental contamination. /4. at 1.

Berheim et al. demonstrate that imidacloprid exposure can result in @ host of physiclogical
effects in rammals, disrupting both endoerine function and tmumume response. See id. at 7. These
findings are the latest in a growing body of reports linking neonic exposure with developmental
and reproductive effects in non-target vertebrates, including birds and rodents, under field and
taboratory conditions. See, e.g.. David Gibbons et al., 4 Review of the Divect and Indirect Effects

o
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i Necnicatingids and Fipronil on Vertebrate Wildlifs » Environ Sei Pollut Res Int, 22(1), 103-1%
(2015). This evidence undermines the central appead of neonies—aheir supposed non-toXicity in
bumans and other mammals. Moreover, these observed toxie effects are relevant to EPA s
determination of whether im iacloprid shares a common mechanism of toxicity with other
DEONICS, as toxic effects in mammals are central to that analysis. See 1999 CMT Guidance. Supr
mob a7,

%

Conelusion

The three studies identified here bolster exis ing concerns about neonics in drinking water. show
that neonic degradates are present in treated drinking water, raise new concerns that water
treatment methods might produce chlorinated byproducts that are potentially more toxic to
humans, and demonstrate toxic effects of neotics in mammals, FIFRA and the FQPA require
EPA to consider this information in it evaluation of neonics’ risks to human health. Moreover,
FIFRA requires EPA to consider the most recent information available durin g s registration
review process. EPA must not fssue a final decision approving registration of neonics without
addressing these substantial risks, We urge EPA to issue revised human health assessments or
addenda to its previous assessments to ensure the attached studies are considered fully in the
record for all neonies. Further, because all five neonics may share 4 common mechanism of
toxicity, EPA should assess these human health ri sks for all five neonies cumulatively.

o

Respectfully submitted,

o

2

Lucas 1 Rhoads
Statf Attorney, Nature Program
Natural Resources Defense Council
P12 15th 8, NW,

Washington, D.C. 20005

(646) 8§23-0472

Irheadsginrde.org
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Environmental 5cience & Technology Letters

ABSTBACT

We recently reported nitial discovery of neonicotinoid pesticides in drinking water and potential
for transformation through chlorination ‘and alkaline hyvdrolysis during water trestment. The
objectives of this research were 10 determine: (1) if neonicotinnid metabolites are relevant to
drinking water exposure, and {2) the ;;tz*mducts formed fm%n chlorination c’r‘nemnimtinﬁids and their
metabolites. Desnitro-imidacloprid and imidacloprid ures, two known metabolites of imidacloprid,
are documented for the first time in drinking water. Desnitro-imidacloprid was present sbove the
lower level of detection {0.03 ng/L) in 67% of samples (6/9) from drinking @a‘i&.r' systems but
detectable in all samples (up to 0.6 ng/L}. Although concentrations of desnitro-imidacloprid were
fower than concentrations of parent neonicotinoids, desnitro-tmidacioprid exhibos significantly
more mammalian foxicity than imidac:.iczm‘id‘,‘ U‘amg LC~HRJ£}F»MSS€*¢IS analysis of laboratory
experiments, we propose structures for novel tréﬁsfbrmﬁxtiom products resulting ﬁam the
chlorination of clothianidin, imidacloprid, desnim%in1i&;cl@pridg imidacloprid-urea, and
hiydrolysis pmduéig of thiamethoxam. Farmw:iolnt of chlmri.m-ﬁed némicmin‘nid byproducts ocours
at timescales reie‘;’am 10 water m:auﬁams’distributiun for the imidacloprid metabolites (2,,=2.dmin-
Lo anti‘théamethmam hydrolysis products (4.8h), Irxﬁdaclaprid metabolites in ﬁnislﬁed drinking
water and potential formation of novel disinfection byproducts during treatment/distribution are

relevant to evaluating the exposure and potential impacts of nconicotinoids on human health.

1

ACS Paragon Plus Environment

Page 2 of 22

ED_006569G_00033702-00011



Page3of 22

e

f

Ervironmental Scisnce & Technology Lattars

19 TOC Ar

ED_006569G_00033702-00012



Environmental Scignce & Technology Latters Page 4 of 22

21 INTRODUCTION

22 Neonicotinoids are the most widely used insecticides in the world! Neonicotinoids are
23 systemic, insect-targeting neurotoxing that have gained popularity due to their broad spectrum of
24 control, high potency, and insect sefectivity, ™ This insecticide class enjoys a wide range of both
25 urban and agricultural uses, with a majority (~80% annually) of treated seeds plantad {n the United
26 States coated with neonicotinoids.!? Due to chemical properties (polarity, solubility) and heavy
27 usage, neonicotinoids are commonly measured in surface waters across North America® " with
28 reported concentrations™ ! up to 6900 nw/l. Neonicotinoid metabolites, such as desnitro-
20 mmudacloprid and mmdacloprid-urea, are formed via microbial degradation, as well as some abiotic
30 processes {e.g., photolysis, hydrolysis) 330522 A5 g result, these metabolites may also be present
31 inosurface waters used for drinking water.

Neonicotinoids exploit specific differences between nicotinic acetylcholine receptors (nAChR)

tad
]

33 in vertebrates and invertebrates to impart insect selectivity. > Neonicotinoids share important
34 functional groups (nitroimines, cyanoimines, or nitromethylenes) to influence electrostatic binding
35 potential; the negative polarity™™ on the neonicotinotd is relected by the mammalian nACHR and
36 readily accepted by the insect nAChR.? Although selective toxicity improves safety for non-target
37 vertebrate organisms, the effects of chronic exposure of humans to neonicotinoids remain
38 unkoown % Furthermore, toxicological profiles of neonicotinoid ransformation products
3% formed via degradation processes muay be different from that of the parent compounds, particudarly
40 when the nitro- or cvano-groups are removed. For example, two known metabolites of
41 imidacloprid and thiscloprid-—desnitro-immdacloprid and descyano-thiacloprid—are vespectively
42 317 and 1935 times more wxic to mammals (based on {Cs) than their corresponding parent

43 compounds.® Understanding the idemity, fate, and bioactivity of wansformation products

3
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44 generated {n natoral and enginecred systems is critical to understanding the full impacts of

45 neonicotinoids on ecosvstems and human health,

46 We recently reported™® ‘i?}.f: first measurement of neonicotinoids in finished drinking water and
47 demonstrated that select neomcuunmdx can be transformed at elevated pH (thiamethoxam) or
48 during chigrmatxon { L‘Iuthmmdm xmzdadupm} over timescales relevant to water treatment and
49 dz;trt bution, Thue 1§ increasing concern d!:}om anmmpa genic compounds acting ag disinfection
50 byproduct (DBP) precursors d;zrmg disﬁnf&cti&m?‘“ and the pwtmnai for these next-generation DBPs

21 1o exhibit retained or even enhanced bioactivity’ (ie., carcinogenic andior genotoxie?y,

32 Objectives of this research were 1o determine: (1) if neonicotinoid metabolites are relevant to
53 drinking water exposure, and (2) the products formed from chlorination of neonicotinoids and their
54 metabolites that may be generated durlm drinking water treatment,

55

36 MATERIALS and METHODS

37 Drinking water samples. Raw and treated (entering and exiting treatment plant, respectively)
38 drinking water samples were collected from the University of lowa {Ul) and lowa City {IC }
39 drinking water treatment plants tlowa City, 1A, USA), The treatment trains are detailed in the §1

60 (Scheme 8.1), The main similarities are both systems use lime softening at elevated pH {(>10.3)
61 and free chlorine disinfection, the main differences are that Ul uses direct surface wﬁmr and
62 conventional coagulationflocculation/sand-filtration  with mixed powdered activated carbon
63 during high disselved organic matter (DOM) conditions {to control DBP formation), whereas [C
64 uses an alluvial well-field with granulated activated carbon (GAC) filter-beds. Tap samples were

65 collected from two buildings on the U1 campus and three residences serviced by the [C plant

4
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66 located throughout the eity. The Hmited number of samples was intended to establish the presence
67 and réim‘anca of neonicotineid metabolites in drinking water, but was not inte;ndad to be fully .
68  spatially / temporally representative, nor collected in a Lagrangian manner (i.e., transport time-
62 adjusted). 3&:‘11;@1@ were collected during the Eummér months, when neonicotinoid wmeﬁmtiams
70 are highest.5?® Ul'and IC drinking water samples were é,nai‘yzed for clc‘;‘thiénidim tmmidacloprid,

71 thiamethoxam, desnitro-imidacioprid, and imidacloprid-urea. Methods for sample collection and

72 analysis, as well as background information for both treatment and distribution systems, are
73 described previously. ™ Analytical details, lower limits of detection (LLD), and ficld blank data

74 are provided in the SI.

75 Hvdrolysis, thk}riaaﬁﬁn; and transformation proeduct analysis. Fate during unit processes
76 {hime :ﬁ')ﬁeﬂing;disinﬁ:@ti(}n, ‘;;mi"i. sequential lime softening and disinfection) was simulated in
77 laboratory batch systems (described .ﬁxl‘iy. in the SI) using pH adjustment and free chlorine addition
78 with neonicotinpid concentrations measured by liguid chromatography with diode array detector
79 (LC-DAD). Experiments used free chlorine (HOCT) in a closed reactor containing 5 mM phﬂfsphﬁm
8¢ buffer (pH 7): a range of neonicotinoid (1-50 uM) and HOCT (130 mg/L) concenrations were
81 tested {described in Figures 8.2, 8.3} Chlorination of thiamethogam hydrolysis products occurred
82 following initial hydrolysis at e_[emt_ei} pH with no chlorine {details in 810, Samples were monitored
83 for 24-72 hours via LC-DAD, and then brought to the High-Resolution Mass Spectrometry Facility
84 (HRMSF) at the University of fowa for exact mass wdentification and MS/MS fragment analysis
35 via LC-HR-ToF-MS/MS  (Figures $6-340). The Schymanski framework®  was used for
86 communicating confidence i identifying newly discovered small molecules (Table 1), Stability

87 of chlorinated products (DN-IMI 243 chosen as representative example) was examined by adding

5
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88 freshiy-prepared sulfite (50 MM in the reactor) and observing back-transformation via LC-MS.

89 Experimental details and analytical methads are provided in the I
9t RESULTS AND DISCUSSION

91 Qecurrence of neonicotineids and their metabolites in drinking water samples. Desnitro-
92 imidacloprid was present above the Lower Level of Detection (LLDY in 67% {(6:9) of samples
93 (raw,. treated, and lap water) collected from Ul (4/) and 1C (2/5) drinking water systems (Figure
94 1) but was detectable above the instrument signal-to-noise in all samples analyzed. representing
95 the first known documentation of neonicotineid metabolites in drinking water. The concentration
96 of desnitro-imidactoprid ranged from <0.03-0.60 ng/l. for all water samples. The desnitro-
97  imidacloprid tap water concentrations ranged from 0.03-0.06 ng/L at Ul and <0.03 ng/L for IC.
98 Inudacloprid-urea was also present abévc the .LL{) in 56% (5/9) Qfai} samples analyzed (4/4 for
99 UL S for IC), with measured detections ran ging from 0.08-0.66 ng;i lmidacloprid-urea was not
100 detected in IC tap samples and ranged from {),22-0.32 ng/L. aiUI taps (2/2). Clothianidin,
10t imidacloprid, and thiamethoxam were also nrcscnt m raw, trg%;_tcd. and tap samples with
162 concentrations ranging from 23%25:.‘34 ﬁgf’L ﬁﬁr clothianidin, L{}éw&?’? ng/L. for imidacloprid,
103 and 0.24-5,99 ng/L for thiamethoxam, Notably, tap water camcm?trq;éons tor both Ul and IC were
4 similar to those we previously reported™ (Table 8.3). In contrast o our previous study, we
105 observed removal of clothianidin and imidacloprid between the smm:f:z and treated U1 samples. We
W6 auribute removal to a powder activated carbon gystt:m that was added to UI for control of
W7 disiafection byproducet precursors after our initial study. This updated system 15 likely also
108 removing neonicotineid parent compounds, which we previously reported were effectively

109 removed via activated carbon, 2%

6
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Ho Although the concentratinns of metabulites were substantially lower than their vespective
PEE parent compounds, select peonicotinoid metabolites are known o exhibit higher mammalian
12 toxielry, based on limited available duta. Desnitro-imidacioprid has a substantially lower ICs value
123 than imidacioprid for vertebrates, indicating greater binding aexpunw (8.2 vs 2600 ni\& {ui T vs 530
14 uwl], vespeetively )t The greater petential toxicity and frequent presence in thése water samples
118 of neonicotmond metabolites demonstrates the need 0 consider their fate and persistence in |
e drinking water treatment systems {e.g, during chlovinafion and other treatment processes) and
117 their potential effects on human health. Indeed, neonicotineids have been measured year-round?
IR inostreams of impacted watersheds, and our results demonstrate that consumers of ds‘mking waler

19 derived from vulnerable sources may be exposed to neonicotineids and their metabolites. ™

University of lowa W Haw
. E Trooted

b
3]

City of fowa City

Concertration {ng/l)

T
: i T fryvead i Gasridiro.
f26 L ket niktactogeid
121 Figure 1: Clothianidin, imidacloprid, thiamethoxam, and two metabolites of imidacloprid

7

22 {imidacloprid-ured and desnitro-imidacloprid) mensured in raw and wemed water from the
123 Umiversiy of lowa ind lowa Uity water treatment plants Chuly 23 and 24, 2018, respectively).
124 Uhmiversity of Towa tap water was collected at two locations snd Towa ity tap water was collected
125 from three residences across lowa City {(n=2 and 3. respectively, July 17, 2018). Tap

7
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126 concentrations are reported as averages (n=3, July 17, 2018), where (*) denotes non-detects while
127 (1) denote samples present below the lower detection limit (LLDY. LLD values {ng/Ly;
128 clothianidin, 0.488: imidacloprid, 0.273; thismethoxam, 0.081: i:’sesnitm-i;iﬂidacloprid., 0.026;
129 imidacloprid-urea, 0.057. Error bars represent the standard error including the varation between
13 samples and in sample processing/analysis (associated with the composite enrichment, sample
131 extraction, and analysis),

133 Desnitro-imidacloprid  and Imiﬁaciepridmrea Reactivity with Chlorine. Desnitro-
134 ima'dacioprid and imidacloprid-urca react relatively rapidly during chiorination {Figure 2). Second-
135 order rate coefficients {(£8E) for imidacloprid-urea (2.7£0.2 M-ty and desniteo-imidacloprid
136 (7225 M-'s)y chlorination were caicuiaigd_fmm measured pseudo-first-order rate constants {Figure
137 51-82) assuming a constant HQC?{ cgncemrat?pn during reaction (ks THOCT]. At 3 typical
138 chlorine concentration for disinfection (J.e., S mg/L as € bz and assuming a constant residual, half-
139 lives for imidacloprid-urea and desnitro-imidacloprid would be ~1 0 h and ~2.4 min, respectively.
140 As such, the metabolites of é}ﬁi(!giﬁ;!@prid could be expected to degrade readily in a chlerine

141 vontactor and during distribution.

[42 Notably, the hali“life of desnitro-imidacioprid is much shorter than those we previously

143 reported for clothianidin, imidacloprid; or thismethoxarm®—on the order of minutes compared to

144 hours or days for other neonicotinoids. We hypothesize that tatomerization™ within the guanidine
145 functionality of desnitro-imidacloprid (Figure 2, Scheme $2) contribues to its greater reactivity,
146 resulting in an amino tautomer that would be expected to rapidly chioraminate based on the high
4T reactivity of primary amines toward free chlorige 3 It remains unclear why imidacloprid-urea is
148 faster reacting than clothianidin and im-iciacm;}ifid, Secondary and tertiary amides, such as those in

149 imidacloprid-urea, are known to he several arders of magnitude less reactive toward hypochlorous

M...
L0
e

acid than imine and guanidine analogs.*® We therefore attribute the lower reactiv ity of clothianidin

8
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151 and imidacloprid relative o imidacloprid-urea 1 the well-established electron-withdrawing nature

152 of the niwo group.t’

153 Using HR-MS/MS fragment analysis, we pm’puﬁé structures for byproducts observed during
154 chlorination of desnitro-imidacloprid and imidacloprid urea. Chlorination of desnitro-tmidacloprid
155 results in the formaton of two myor wdentifiable products (hereafter desnitro-IMI 245 and
156 desnitro-IMI 279}, corresponding to the addition of eithér one or two chlorines (w the formation
157 of ane dichloro- and one trichloro-transformation product, mspéctiveiy}. Analysis of HR«MS\I%
158 fragmentation patterns indicates chlorine addition vecurring in the guanidine-containing portion
139 of the molecule rather than the chioro-pyridine moiety (Fig 819} most Eikzély via N-C1 bond
160 formation; however, the exact site cannot be determined and thus desnitro-IMi 24%” is reported at
161 a Level 3 confidence.” Consistent with the formation of reactive N-C mmpcuﬁcis, addition of
162 excess sulfite to product mixtures after desnitm—-imidécioprié chiorination resulted in the loss of
163 detectable predugts and a corresponding increase in desnitro-imidacloprid {Fig{zré $33. Such
164  byproduct reversibility in the presence of a reducing agent is indicative of chloramine formation,
165  as has been previously reported during chlornation of amine-containing pharmaceuticals.®
166 Notably, this instability of desnitro-imidacloprid chiorination products may help to explain our
167 detection of desnitro~imidacloprid in finished tap water (Figure 1) despite its very high reactivity
168 toward free chiorine; decomposition of reactive byproducts could result in s regeneration during

169 dechlorination with a reductant or via incidental reactions that occur within the distribution system.

170 We propose that desnitro-IMI 245 forms via chloramination of the amino tautomer of desnitro-
171 imudacloprid (Figure 2, Scheme S2), which we expect to pre{ér&'ntieﬂl}f chlorinate prior to the
172 corresponding imino tautomer based on established trends in the chlorination of Stmctufaiiy
173 analogous N-containing compounds. % At higher chlorine concentrations or c::zm:aci times, we

9
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4 further hypothesize v > that sequensial chlnrination of desnitro-IMI-243 oceurs through a chiorimine
PTE derivative, mv%zisrﬁ the added chlorine stabilizes the imino automer akin 1w the elechon-w tthdrawing
% nitro-group in wnidacloprid, Although épm’:ulmivc, the secondary amine menety in the chlorimino
77 wutomer would again be ﬁ:ﬁpet}wd o exhibit greater reamivﬁy toward chiorine than the

i78  corresponding imine motety in the chloramine tautomer.

79 Chlorimation of imidaclo sprid-uren yielded one Ry ldmmml le produci (hereafier IMi-urea
180 2463 This corresponds to the addition of chiorine to the imidacloprideurea structure. Onee again,
EE HR-MS/MS fragment analysis is most consistent with chim'm;ﬂmﬂ n‘ccm‘ring at the secondary

2 amide (Figure 2: Figures $39-840),

R
Bes'ni?mwémiciaaigprid Imidacioprid-urea
¢
desnitro-M 245 N0, GESOHO-IMI 279 iMburea 246
; : o
................................... . i s . i
Cly desnitro- amzdacio;;rdm% 5 ‘ & ClhAmidacioprid-ureg=28
& DN-IMI 245 & 14 248 ad &
w &
3 g N
% <
% o %,
& &
& Ey
¥ [ 4 GQ‘“ T L 3
1 2 3 4 0.6 - 4.5 1.0 1.5
184 Time (hr} Tirme {hr)
10
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185 Figure 2: Chlonnation of (lefty desnitro-imidacloprid and {right) imidacloprid-urea to form
186 chlorinated products desnitro-IMI 245, desnitro-IM1 279 and IMI-urea 246, Chlorination kinetics
187 of desnitro-imudacloprid o desnitro-IM{ 243 and imidacloprid urea to IMI-urea 246 are shown,
188 Peak area shown is the HPLC-DAD regponge A= 260 nm for imidacloprid-ures; 273 nm for
189 desnitro-IMI: relative values are shown because no authentic standards of chlorinated products are
190 available. Initial concentration conditions {molar ratios shown in figures): desniiro-inudacloprid=
191 10pM, 1 mg/L HOC as Cly; imidacloprid urea= SpM, | mg/l. HOCT as Cls. Full kinetics data, -
192 conditions in Figures 51, S2. '

194 Hydrolysis Products of Thinmethoxam and Reactivity with Chiorine. The alkaline hydrolysis
195 of thiamethoxam {at pH 10; relevant to lime softening} results in two products (hereafter THX-H
196 248 and THX-H 237), both of which have been previously wdentifled with proposed
197 pathways. 503 Imines are known to easily hydrolyze in water to yield ketones, and the
198 electron-withdrawing ~NO, substituent makes the carbon i the guanidine portion of thiamethoxam
199 more electrophilic, thus inviling hydroxide attack uader alkaline conditions.2? THX-H 248 is
200 formed through the simple hydrolysis of the nitro-imine group into a ketone ™ THX-H 237 was
201 reported by Maienfisch® and corresponds to a ring opening with hydroxide attack at the imine

202 carbon.

203 Upon addition of chlorine, THX-H 237 is reactive, while THX-H 248 15 recalcitrant over the
204 umescales / conditions investigated (Figure 3). We attribute the greater reactivity of THX-H 237
205 toward chlorine to the presence of its two secondary amides. The second-order rate coefficient
206 (=SE) for the reaction of free chlorine with THX-H 237 (0.67+0.02 M 's™") was caleulated from

207 the measured pseudo-first-order rate constant (Figure $4). Assuming a constant chlorine residual

208 (3 mg/l Ch), the half-life of THX-H 237 would be 4.8 h.
209 THX-H 237 reacts with chlorine to produce a single species hereafter referred to as CLO-THX-

200 H 270 (see algo Table 1) We propose that chlorine addition oceurs at the secondary amide group

11
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240 without the electron-withdrawing nitro substituent (Figure 33 Our MS/MS fragmentation results

23

reveal a corresponding chlorinated fragment to support this proposed straciure (Figure $9-S10),
~13 We anticipate that THX-H 237 will react to generate CLO-THX-H 270 ar time-scales relevant to
214 disinfection and distribution in systems that also employ chemicsl fog, lime-soda) softening

215 earlier in the treanment Process train,

Thiamethoxam

CLO-THX-H 270
& THX-H 237
O THXH 248

Poak Area

CLO-THEGH 270

L g ]
2 - 4 &
217 Time {hr)

218 Figure 3: Chiorination of the hydrolysis products of th iamethoxam { THX-H 237 and THX-H 248)
219 1o form novel chiorinated product CLO-THX-H 270. Chlorination kin etics {represented by HPLC-
=20 DAD peak area & = 260 pm: authentic standards unavailable: 50 mg/l. Ty of thiamethoxam
=20 hydrolysis product THX-H 237 1o CLOSTHX 270 is shown {THX-H 248 was unreactive) at pH
222 The structure of CLOSTHYX 270 {the same as generated through chlorination of clothianiding
223 is presented as shown o be consistent with Table b2 chlorination socurs at either amine farther

224 trom the nitro-group as determined by HR-MS/MS fragmentation (Figures 89, S10. $34. 8331,
228 |

220 Products of Imidacloprid and Clothianidin Chlorination, We previously reported timescales
227 for the reaction of inidacloprid and clothianidin with chlorine® Herein, we propose structures

%

<<% using the Schymanski framework™ 1o communicate confidence of novel products discovery for
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229 the produets of these reactions {Table 1) based on HR-MS/MS fragment analysis of these product

230 puxtures {Table 5.7 deseribes compounds prior to chlorination).

231 Chlorination of clothianidin results in three major products. Two products have with the same
232 mass (hereafter CLO-2392 and CLO-239bY but different retention times, while the third has an
233 exactmass [M+H] of 2709442, The latter product appears identical to the product formed during
234 chlorination of thiamethoxam hydrolysis products, and is thus also referred to as CLO-THX-H
235 270, Clothiamdin 8 a known product of thiamethoxam degradation through multiple reported
236 biologically-mediated pathways™ ¥ (e.g., in insects, mammalg? plants, and éoil} where the two
237 compounds share commoen metabolites;”™ however, abiotic and biological pathways may
238 generate different products, CLO 239 and CLO 2396 correlate to loss of the nitro group,
239 formation of the ketone (C=0), and chiarin&tién ufa re;%nxsiiﬁ_i_ng'scmndary 31135(1.&; We suspect these
2400 reactions occur in a step-wise fashion and mvolve buoth oxidgtipnf with chiorine and hydrolysis
241 {eg. imine hydrolysis (o a ketone) reactions, potentiaﬁy involving intermediates we were unable
242 toidentify. The exact location of the chlorine an two of the clothian idin prb'rduz:ts { CLO 2‘3 Sa, CLO
243 239b) could not be confirmed with certainty because MS/MS fragmentation did not vield the
244 chlorinated component {Figure ST1-S814; Level 3 confidence). Nevertheless, chlorination is most
245 likely to occur at either of the secondary amides be‘cau:;& Hf{‘MMSZ_MS fragment anaiﬁia indicated
246 that the chlorothiazole component was not further chlorinated (Figure 88-S14}. Fragmentation
247 analvsis of CLO-THX-H 270 generated either with clothianidin or thiamethoxan as the parent
248 compounds suggests that chlorination oceurs at the mitrogen tlfirthgr frooy the nitro group because
249 achlorinated fragment consistent with this structure was present {Figures 89, S10; 834, 833; Level

250 2bconfBidencel.

i3
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251 Chlorination of imidacloprid forms three major transformation products (hereafter: [MI-urea
282 246, IMI 290, and DM 341} Product IMI-urea-246 is chlorinated imidacloprid-urea, which we
233 previously identified in our independent analysis of products generated from the chlorination of
23 an imidacloprid-urea standard {described above). IMI 290 is chlorinated inidacloprid {without
235 loss of the nitro group), with chlorimation most likely occurring at the secondary nitrogen in its
256 guanidiné,mcaiety. One product, IMI 341, could otly be confirmed to level § confidence,* thus no

237 structure is proposed.
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Table 1: Transtormation products of clothianidin, imidacloprid, desnitro-imidacioprd,
imidacloprid-urea, and thiamethoxam.

1681261
1748774 CH,CHD5
CHOLNGDS | teesl 3 ) 1680 | 33997092 | 200.0024) CHCINLOS
13%.9653F O HOMS
86,0005F  £,HNS
TFLRYTLE LML OIN08
146,957 CHOM3

Cathnidin | QLD 339

Clotsnitn | L0 2390 CHONGIS | Lavel 3 164 | 2389798 | 130970 CHUINS
1680261 GHMDS
1189788 LM OIN5
1819438 CHCLNLS
Cinthiamidin, | CLO-THE-H N o 126 97681 CMUIMLS

Coli M35 | Lovel 2b 9.2 | INLTAg2

e w":’ N ;I p
THE-H 237 270 Tl gy MO 1329717 CHOING
R 118.9552]  CHEINS
2110487 CH0N,0

e aciapivid, ES5.0348] MM
Fmddaciopid: | dburea 246 CHELND | level2h | 158 | 2460222 pim s
s ‘ T i Bt S TTIAL0206] T 0N,

126.0097]  CHOIN
238.02381 Unbnen
tevidaciopind 11 341 Linknoyen Ambsigrnus Lewst § 166 | 3419938 | 15R.0387] Undnown
12601081 Unkrown
2360217 CHLLN,D

SN
™ X
N . L ‘ 0S061F] LML,
tmidackiprd | 01 290 gy o CHELMD, | Lewel 20 | 189 1 2300022 i
- J W . 173.0839] Gt

126.0123]  Coplin
1745724 CHEN0S
CHONE | Lowel 26 | 118 | 2369838 | 1479772 G0N
JLOIBEL  CHING
174.9718] GHCINDS
CHuONGDS T Lewel2a | 12 | 2480045 | FS008)  CHMG
131.9665] CHLONS
i 20906221 Gy O,
173088 GHGH,
21L0766] M, ON,
830388] MM,
132.0353] G0N,
1260133]  CHON
209.0506]  CHEROM,
CoHaCh My Loasat b RS | /0004 1 sraogasl GHN,

136.0130]  CHON

Thismrethosard  THE-H 237

Thismethawam | THY-H 248

Desriey | desnitro At
fmbasinprid 245

CihalleMe | Lewsld | 127 | 2450877

Dasnitey | desmitro- I
nidar boprid A

*The confidence leved and structure of each produet is characterized sccording to the Schymanski ot al,
2014 Famework for identifying small molecules via high resolution mass spectrometry. 2 All samples wers
apalyzed in in ESI positive mode (e, fon [M+H]P =scompound exact mass+H) High-resolution
fragmentation pattoms are presented in Figures 56-840.
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Environmental Implications. This is the first known study to report neonicotinoid metabolites in
drinking water, and builds upon our prior research™ and a subsequent publication from Canada®
demonstrating neonicotinoids in dranking water. We also show that neunicxm:tim;ids and their known
metabolites can form transformation  products during diﬁi‘nf‘e.cti@n and/or lime softening
{hydrolysis at elevated pH} ar timescales relevant to water ?:réacme:nt ‘ distribution. The rnﬁrmnalian
toxicity of transformation products formed during water treatment Processes remaing unknown, It
is possible that chlorination of neonicotinoids and their metabolites will impact receptor binding

interactions and alter their bioactivity relative to that of the parent neonicotinoids or known

‘metabolites, a scenario that requites further investigation. Several transformation products

identified (CLO 2393, CLO 238h, CLOﬁ‘HX—P’% 270, TMI 246, THX-H 248, DN-IMI 245 and DN-
IMI 279) appear to lose the nitm-»grijup 'Lhruugh chiorination or hydrolysis, and/or gain one or more
chlorines—aboth characteristics that may inerease mammalian toXicity H 23283147 ?\ii{ﬁﬁﬂﬁaf
studies are needed to better assess temporal and spatial tréﬁds in me:t'abmiite acecurrence { toxicity
of chlorinated DBPs formed during drinking w;ﬁé.r f\rt:atmém { iﬂcmdimg synthesized standards),

especially in waters impacted by parent neonicotinoid insecticides.

SUPPORTING INFORMATION, Additional method ‘s:itzmils? statistical analvsis, quality

assurance / control, additional derailed daty / results / analysis in figures and tables,
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2.3 Analysis

Analysis of target vompownds and their stable isotope surro-
gates was by liguid chromatography and tandem mass specirom-
elry with electiospray ionization (LC-ES-MSIMS) using 2 Qlvap
55040 instrument coupled with an Agilenr 1100 HPLY purchased
frenn Applicd Biosystems-Sciex {Concord, ON, Canada). The injec-
tion volume was 20 gl Analytes were separated chromatographi-
cally using a Genests Reverse Phase T8 (150« 21 mun 1B, 4
particle size} column coupled o a guard coblumn with the same
packing material {4 mun » 20 both supplied by Phenomenex
{Torrarce, CA USAL The column was not hegted and it was elutsd
with a binary nuxture of 2 mb ammnonium acetate in MiHIQ water
with O1% acetic acid {Selvent Al and aceionitrile with 0.1% acetic
acid [Solvent B The sehvent gradient was: start at 10% Solvent B in
Solvert &, then incredse to 50% by 3 min and continue increasing (o
97% Solvent B by 5 min and then hold for s minute ar 97% Sobvent B.
Continue the increase in the proportion of Solvent 8 w 98% by
8 min, 99% by 10 min and then hold for a minute: 8y 12 min reduce
the Selvent B gradient back to 10% Solvent B and hold for 7 min, for
a total run time of 19 min, The mobile phase How was 340 jl min ',

M3 detection was performed. using muliiple reaction moni-
roring { MRM ) in positive fon mode, The ionization conditions were:
lon spray voltage of 4500V, remperature of 530°C, pressure of the
ton source gases of 39 psi. The collision gas was hedium, set at high
flow, The fon transidons monitored for each targer compound, the
internal standards and the PROs a5 well as the supplints of these
compounds are listed in Supplemental information {(Table 515
Cuantification of all compounds was performed using an exrernal
standard methsd with a nine-point calibravion curve from 1 to
200 ngml ! generated for vach analyte. The response (o the in-
rernal standard for zach target compound (50 ng ml” Y was used to
account for matyix effects and recoveries,

Provedural blanks were provessed as deseribed for the feld
samples, but the target analytes were not detecied in any of these
blank samples. The nstrumental detection Hmits {(IDL} were
defined as the lowest amount of analyte {ng) that produced g peak
with a signal-to-noise ratio of 3. The Limits of Detection {LODs) for
grab samples were calculated from the DL {ng) divided by the
sample volume {1040 mi.]. The LOBs for POTIS were valoulated from
the 1DL {ng) divided by the total volume of water sampled over the
34 ¢ deployment, The LODs of the target analytes ranged from 1 o
Sog ' for grab samples and 0.1-21 ng L™ for POCIS (Table 513
The LODs for the MM that were detected are also lisred in Tables 3
and 4.

24, POUIS sampling rotes

POCES sampling rates were determined using 2 static, daily
repewal protoco! with the NMis spiked into a synthetic "US EPA
Medium Hard Waged®, which has a pH of -75, bardmess of
R0y LY and alkabinity of 60 mg L™ {US EPA, 2007} The recipe for
preparation of this synthetic water and the protocols for detor-
mining the samphing rates are described in detall in Supplementary
Information {Table 52} Briefly. single POCE were placed 13 & ver-
tical arientation in 3L of rest medium spiked with the NN com-
poursds, The spikied vest medium in each of the test containers was
replaced every day. The tests were conducted for 14 d in an envi-
ronmental chamber ara temperabure of 15°C and in the dack. Bvery
day over the 14d test period, @ sample of water {10 ml] was
rmmoved Fom three randomly selected test containers and the
coutrol container to monitor the concentrations of the NNIs in the
waarer On each of days 83, 3, 10 and 14, three POOS were valiected
foor anabysis of the amounts of the target compoursds accumulated
iy the samplers,

25, PRU glimination rares

The rates of elimination of PRGs from spiked POCIS were
datermined in the laboratory using 2 static, daily renewal protocel
with a matriz of US EPA mederately bard water, POCIS spiked with
DiA-ds, propranclel-dy and metoprotol-ds {Le. PRO-POCISY were
slaced in 31 of rest medivm iy pach fest container v a vertical
orientation. A “control” container contained 3 Lof the test medinm,
bt no PRO-POCTES. The tests were congddurted for 14d in an envis
ronmental chamber at a tamperature of 1570 and in the dark. The
pest matrix i each test container was stivred with g magnetic
stirrer at approximately 75rpm. The test medinm was replacad
every day in each of the test containers. o sddition. every day over
the 144 st period, 3 sample of water (10 mlL} was removed from
three randomly selected test containers and the control container
1o manitdr the concentrations of PRCS in the water, On each of days
23,5, and M4, three FRO-POCES were collected 1o mondtor losses of
the PRCs from thie POCIS over time, '

26, Estimuating TWA concentrations

The theory for determmining sanpling raves for POUIS was pre-
vinushy described in detail by Sultana ot al. {20771, and a descriprinn
of the methods used to estimate the tme weighted average [TWA
concentrations of the farget compounds & included in Supple-
mental Information. Experimentally determined sampling rates
{Rse1} were adjusted according to the rates of elimination of PRCs
from BOCIS deployed in the field to calculate a field sampling rate
{Rsama) The TWA concentrations of individual MNP analytes in
water {Owy were ther caloolated from the mass {ng) acoumulated
o0 the POCE {1y} over the deployment period in days (1) according
e

~ i
Gy w5 Bty / [KSﬁeid = tj
3. Resnlts and discussion

3.1 POCIS sampling rates

. Lking a static, dully renewal protecot with synthetic water over
P, sampling rates {Bsq,) ware estimated for the targer com-

C pounds {Table 23 Note that {t was gecessary to renew test solutions

every day and with & single POCS In sach 31 rest container o
ensure that the conventrations of the rarger conpounds were
maintained at levels within 10% of the nominal concentrations.
Konitoring of the tesr compounds in the spiked medium confirmed
that concentrations of NNIs were within 210% of the nominal
concentratinns,

Whether a passive sampler behaves-as a kinetic or equilibrium
sampler is highly dependent on the partitioning propertes of the
targer chomical, the concentration in the water and the length of
the deployment periad (Ve et al, 2003 As iHustrated in Fig. 1
for imidacloprid, the uptake profiles of all NNIs were lingar over
144, indicating that the POCIS is a kinetic sampler for NNIs over this
deployment period. provided the amounts sequestered on the
saurbent de not excesd the nrdma observed in the calibration
experiment. ‘

Frarm the slopes for acoumuilation of the tarizer analytes and the
data on the average concentrations of the compounds fn warer over
the test perfod, the POCTS sampling rates weve estimated [Tahle 2
Except for thiacdloprid and dinotefurar, all sarapling rates are within
the range of 0105 Ld ™Y that are typical for POCIS {Harman e al,
2L The sampling rates for NN estimared by Ahrens et al {3013
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Fig L Ameunts inghof srndaclaprd adsorbed to POCI sorbene i = 3o
ik 14 in o stanie, daily renem] pretunal odth 15 BPA maderatedy and wae

in & static. non-renewal test with river water for imidacleprid {ie,
D18}, thiamethoxam fie. 011) and cothianidin (Le. 0.21) were in
good agresment with the Ry wadues determined in the pressnt
study,

shchez-Baye and Hyne {2014} developed a passive sampiing
method for monitoring NNIs using sorbent placed i Emporers
disks and found thar satmpling rates were positively related o hy-
drophabicity. We found a positive refarionship between oy Kow
and the sampling vates {7 = 0.91} for dorhianidin, imidacioprid,
acetarniprid and thiamethoxam iFigl 2%, bur this relationship did
ot hold #f the most hydrophabic {ie, thiagcloprid) and the least
Iydrophobic { e, dinerfuran} compounds were ncluded.

Note that two of the NNIs are weak bases {i.e. clathianidin,
dinoteturan} and alt others are weak ackls {Table 2% so these
compounds are likely to be present as anions or Lations, respece
kively at the pH of natural waters, which may influence adserption
tir the HLE Ousis mised-phase sorbent in the POCIS ¢l et al, 20113
The US EPA moderately hard water test miatrix was selected o
approximngte the pH, alkalinity and hardness of surface waters in
the study region, hat this matrix doss not replicare all the chemical
properties of these waters. This synthetic water was originally
develaped ax 3 standard matrix for txicity testing, and theve are
other formudations that can be used to replicate haeder or solter
water {US EPA, 3007). Pravious studies determine the sampling
rates for comaminants vsing POCIS and other passive samplers
tiave beers conducted with a variety of aqueous matrixes thae Vary
i pH, tonic stength, ste. This novel approach of conducting teses
with an accepted svarhetic marrix may be a step rowards devel-
oping & standardized approach for determining sampling rates for
passive samplers,

Fig. . Beiarionsh

Sty ing Kow and OGS Sappling rate (R} for irnidaciopiid,
thiamethomars, ¢f .

atianiiin and setamipnd,

22, PRC elimingdion

The rest to determing losses over time of the PROs {Le. DIA-ds,
propragoiol-dy and meteprolsl-ds} from spiked POCIS were also
conducted in the laboratary with US £pa maderately hard water
{daily renewal} over 1dat 15°C The elimination rate constants
(8. Ko ppcon) wore estimated from the first order kinetics of losses
of the . PRCs over time Blinvination rates per day were very
consistent fur the three PRCs, ar 0,048 for metoprolol-dg, -0.0266
for propranelol-d- and -0,0245 for Dla-dy We previously evaluaed
the use of propranolol-dy s metoprolul-dy a5 PRCs in POCIS and
concluded that these basic compounds wers suitable becanse they
showed elimination hetween 50 and BO% over 104 in g flow-
Hwough system {Sultana ot 4, 2T The acidic cempound, DiA-
dy has been previously used as a PRE for menitoring pesticides in
surface waters { Lissalde ot ai,, 2014) Mazzella et al | RO reported
A higher rate of elimination fe Diaeds of 0057, but these authers
used very different experimental conditions for determining the
rates of elimination of this compound. The rates of elimination of
these PR with different chemical properties were used as an in-
dicator of the flux of target NNTs between the aquatic enviroament
ang the POLIS sorbent. The use of different PR w adjust the POCIS
samphing rates for acidic and basic compaunds is 3 novel approach
that makes & significant cortribution o the development of FOCIS
A5 A menitoring tool for pesticides and other water-snluble
contaminants.

Al PRC-spiked POCIS deployed in the field were andlyzed for the
ameunts of the three PRCS rematning in the samplers at the end of
the deployment period. The dats on the amounts of these come-
pounds in the POOS afer deployment relative te the amounts in
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the field blanks were used 1o estimate elimination rates (L2, Kg spe.
Beie - The ratio between elimination rates in the feld and in the
laburatory were used to caloulate Exposure Adjustment Factors
(EAF). The EARs calculated from PRC data for POCIS deployed at
the six DWTPs are summanized in Supplemental lnformation
{Table 331 EAF values » 1 indicate that the PRCs were eliminated
HoTe x‘amdiy from POUIS deploved in the feld relative to the
elirnination of the PRC compounds observed in the laboratery, A
variety of i sity environmental factors can increase the rates of
T acrpss the POUIS membrane, including higher water tem-
perarures and flows {Harman er al, 212) The rates of elimination
of PRCS were determined in the laboratory at 15 °C and with oaly
Hght mixing, while there were high flows and water temperatures
in the range of 2124 °C in the drinking water wreatment planes
{Table 11 Therefore, the EAF values > | obsarved i most cases
were expected. Biofouling can reduce the Sux of compownds in
POCIS {Harman o1 al., 2012} and some biofouling was observed i
field deployed POCIS; especially for thoss devices deploved in the
raw water. This may explain the relatively low EAF values caleu-
fated from PRC-POCIS deployed in raw water in DWTPI, DWTP4
and DWTIPG {Supplemental Information, Table §3% The pH m raw
drinking water {Table 1} was slightly higher than the pH 75 of
the medivm used to determine PRC elimination in the iahﬁmmw.
wa this may also have altered the Bux of PR in the feld,

There was genemliy good agresment betwesn EAF values
calculated from all three PRM. except i DWTP 4 apnd DWTT 6,
where thers were differences between BAFs for the two basic PRCs
{ie. metoprolol-dg, propranoiol-drd and the FAF for DlA-ds
Theretore, the EAF values determined fromn elimination rates for
DiA-ds were applied to all actdic NNIs and the averaze of the two
EAF values for metoprolul-dy and propranalol-dy were applied to
the anldy basic NNI that was detected, clothianidin, Unfortunately,
e PRC data were available for POUS deployed in reated watarat
DWTP 3, 5o the average EAF values calculated for the FRC-POCS
deployed in treated water across the other five DWTPs was
applied w calculating the sampling rates of KNIs in treated water
at DWITPS.

3.3 NNIs in drinking water

The data on the mean concentrations from replicate {n =
analysis of the NMIx in grab samples of raw and treared drinking
water collected on the day of POCIS deplovment {La. Sample 1)
and approximately two weeks later at the day of remrieval {ie
Sample 2) aresunymarized in Table 3. Thiamethexam digd il
dacloprid were detected in both raw ami treated drink ung waler,
and clothianidin was detected in only raw water (Table 31 Howe
ever, the data for grab samples were highly variable. For instance,
refatively high mean conwentrations of thiamethoxam werp
detected in treated drinking water from DWTP 4 jo Sample 1, but
this compound was not detected ar gl in freared wacer from this
focation w Sample 3 {Table 3 Conmversely, imidacloprid was
detected in Sample 2, bur not inSample 1 {Table 33 The mean
concentrations of the analvtes in grab samples of teated drinking
water were dbways lower than in the raw water, Acetamiprid,

dinotefuran and the hydroxy-transformation product of imidas

cloprid were not detected at concentrations above the LOD, and
thiacloprid was only detected in raw water from DWTPR §
{Table 3} Overall, the ranking of the mean measured concen-
trations of the MMy detected in grab samples of raw deniong
water were thiamethoxam » clothianidin >
xmrmdopnd thiacloprid,

The data an the amunts of the NNIs {my) acounnalated on the
POCIS by the end of the dpphwmem peruuf are sununarized in

Supplemental Information {Yable 54} and the PRConrecrad

Table 3
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sampling rates (Roguq] for both sides of gach rreatment plang are
alsu summarized in Supplemental Informarion {Table 550 The Twa
concentrstions {ng L'} summarized in Table € were astimated
frany these data according to Equation {11

Cerall, the TWA concentrations estirnated from the POCIS W
consisient with the data generared from grab samples. Bodh dara
sets show that the lowest concentrations of the NNl i raw
drinking water were observed in DWTP 1 and DWTR 5, while the
fghest were from DWTP 4 and DWTP 6. The dats from both the
grab samples (Table 3] and POCIS {Table 4} indicate that thiame.
thoxam was present st higher concentrations thar clothiamidin in
afl DWTPs, except at OWTP 4, where the estimated TWA concen-
trations of these two PPls were appeorimately equal {Table 41
Although Imidacloprid was detected frequently in raw water, the
transformation preduct of this compound {le. 5 hydroxy-
imidactoprid) was nov detected in any of the samples. This trans-
formation product was {ncluded armong the target analytes becanse
ipidaciopid is kmown to be prosent at high concentrativns in
surface waters (Morvissey ot al., 2012} and also, we were able to
obtain an analytical standard for this compound. Dinotefuran was
alzo not detected in any of the grab samples or in the POLIS,
Acetamiprid was detected at low TWA congentrations gavirated
fromy the POCIS samples {Table AL but not i the grab samiples
{Fable 33, ) ‘

The FOCIS thar were spiked with PRCS in the laboratory {ie.
Replicate 3} generated sstimates of concentrations of MNts that
were often slightly lowsr than the POCIS purchased divectly from
the supplier {Table 41 Thiz may reflect differences in the methods
for fabricating the sampiers fram the commercial suppliers and in
the laboratory, respectively. The frequency of detection of the target
rampaounds in POCES deploved in treated drirking water wags much
higher than the frequency of detection in grab samples. Thers is
also & very high frequency of nen-detects of NNIs in the current
monitoring program for treatad drinking water by the Onrario
Ministry of Environment and Clirmate Change. This tllustrarss the

value of using passive samplers for routine monitoring 1o

Tabte 3
Estimated TWh oones
Dintarie, Cansda an

: sephicats
i N ot detectad o

concentrate the target conmounds to detectable levels, as was also
showrt i vur previous sucvey of pharmaceuticals in dvinking water
using POCES {Metalfe ot al, 21143,

In general, the results of this study arg consistent with the
previcusly published study on the levels of NNE in the drinking
water freatyment and distribution system for che University of Towa,
USA, where theee insecticides at rolative cendentratons of ¢lo-
thianidin > imidacloprid > thiamethoxam were detected in grab
sarmples collected i June and {aly of 2016, with concentrations of
clothtanidin a5 bigh az 573 ng Lt [Klarich et 4l 2017 This
makmmum ooncentration iy slightly lower than the maximum
conventratives of clothianidin messured in geab samples of raw
drinking water from DWIP 6 {Sampde 1}, but it Is consistent with
the TWA roncentrations sstimated at this site from e sty FOCTS
momoring. However, the mean concentration of thiamethoxam
olserved in one of the yrab saitiples of raw water from DWTP 4 (i
Sarnple 1lwas 2835 ng Lt DWTP 4 akes its warer from an intake
in Lake St. Clalr that is highly impacted by agriculvaral runoff thar
transported into the Thames River watershed in Gntarie (LI of al,
2003} NNis have recently been shown 1 be prasent at high fre.
quencies in the Thames River{Struger ey al, 20173, Fig. Za Hhustrates
the daily discharge measured in the Thames River over the moni-
wring period in 2015, and these dats show that thers was a large
previpitation-driven increase in river discharge just before the
POCIS were deployed at DWTP 4 that may have contribuied o the
transport of NNIs into the source of drinking water. Similarly, there
wers precipitation-driven increases in the discharge of the Grand
River over the period of POCIS deplovment {Fig, 3b3, and this iy
have contributed to the transport of the NNIs that were detected in
DWTP &, The high proportion of tile-drained agricidtural Belds in
the region would have contributed to the rapid transport of Mg
ke sorces of drinking water (Chrétion ot al, 20717

However, we may have missed the peak concentrations of NNis
in drinking water because the POCIS werpe deployed and thi firse
grab samples collecred at the bezinming of July. NNIs are typically

applivd to agricultural fields in Ontarie, Carada in sarly fune, so an

ideplayed i cave anl treaterd drinding waterat sach of i drinking waster teeatment plants {ERNTTS e
strations - LOG,
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gies are not complerely effective st removing thess com-
The concentrations of these ingectivides wr drinking water
ing L~ M owere orders of magnitude tower than the current Water
¥ . S Quiatity Guidelines for Drinking Water escablishedt by Health Gan-
T8 : R ‘ ada for clothissidin, iridaclopid and chiamerhoxam of 300, 5300
and 3ug L) respectively, For comparisos, the mean coticentration
of thiamethogam detected iv one grab sample from DWTP 4 was
128 pe L7V On the other hand. the Buropean Union directive on
pesticide Tevels o warer intended for huwman  consumpion,
addressed i the Drinking Water Divective and the Groundwarer
Diregtive stares that concentrations of pesticides may nor esceed
1w L for a single pesticide and 03 pg LY for toval pesticidis, 5o
the bevels of NMlx in raw dinking water In the present study
exceeded those thresholds, There is evidence that there i poreatial
for luman health effects from sxposure o NI\;P or thelr ¢
formation producrs ¢ ; ’
Therefore. further studies are neeted ta svaluate health risks fo
haaman populations chronically exposed to these compounds or
their ranstormation products. 3 stedy oonducted in Ching
ameng poparions that drink surface water and well water in re-
gions w:m different intensities of pesticide use & vultivation,
#robserved 3 positive relationship between the degree of
pesticide use and scores for a medical disability frclex ameng in-
dividuals »85 years of age, Similar approdches could beé vsed with
data on peonicatinoid use in the Great Lakes basin and other re-
gions 1o investigare whetler exposure to this class of insecticides
drinking water i5 associated with nesative health sutcomes,

The present study contrtbutes (o the §ierature that shows that
pesticides are contaminants of drinking water, Alang with the
vious study by Kla the preseat study deron-
bes that NNIs can be ransporied tnm sowrces of deinking waber
cultural vegions where therg s heavy use of this dass of in-
sectickdes, The present study advances owr understamding of the
seope of MM contamination by shiowing that residues were present
indrinking water in & different DWTTs serving rural comimumnities
in the Creat Lakes basin More work {3 reguived 1o determine
swhather vontamination of drinking water by MMis B & widespread
sarfler deployawast pertod may have reveaded higher concentya- problem in ather agdeuitural regions of the slabe.
tioms of these compounds in deinking waren This may explain why
the ¢oneentrations in grab sample Twers often Hmarcd relative to Acknowledgements
the concentrations i grab sample 2 or rhe TWA concentrations '

techingls

“?w

d fireiz,

fncatad gt
shie Srand Wi

-
estimated over the peried of deployment of Ehh FOCES. This prigect recedved funding support from the Government of
in the s:it'mézmg waler F;tr.ad_x« in iﬂwa E_ b.v%. ti; e a*)g{«\ww tor Gntario. Such support does 1ot in endorseraent by the Gove

prament of Oniario of the contents of tus contribution. We thank
Brenda Seaborn for proeparing the semples for analysis. The coop-
eration of the musicipal offices and staff ar the mm;;w Water

-d Ur

mm:emrai.i. R oseare g .;wm E‘, iuwei Y 1req J
water velative fo raw watern with the exceprion of DWTR 20 Al mroatment planks is weathy appreciated.
msnicipalities wwl { in this survey brear thelr deinking water
convertinnal frealment systems, inghuding coagulagion, Appendix A, Supplementary data
flocoulation, sedunentation, Blivation and chilovine dismfection, o

ot clear why NN were present at highey congentrations in
e drinking swater in some municipalitles redative @ others b
Sinpwe Al DWTEs included i the present study disinfoct by chlori-
smtim_ vl b e jally *m;mmzm o evaluate whether thure
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E ects of Neonicotinoid
Insecticides on Physiology an
Reproductive Characteristics of
Captive Female and Fawn White-
tailed Deer

Elise Hughes Berhetm?, Jfonathan A, Jenks
Dariel Grove® & William F. Jensen®

Boguived: 9 Sepreamber 2018

Avvepiadr 22 Fomuary 2019

Pubdished onbine 14 March 2014

, Jonathan G. Lundgren?, Eric §. Michel®,

Over the past decade, abnarmalities have been documented in whitetailed deer {Odocofleus
virginfanusy in west-central Montana, Hypotheses proposed to explain these anormalies included contact
with endocrine disrupting pesticides, such as imidacloprid. We evaluated the affects of imidacioprid
sxperimentally at the South Dakota State University Wildlife and Fisheries Captive Facility whers aduit
white-tailed deer females and their fawns were administersd aqueous imnidacloprid {an entreated
contral, 1,500 ngfl., 3,000 ng/L, and 15,000 ng/L}. Water consumption, thyroid hormone function,
behaviorsal responses, and skull and jawbone measursments were compared ameong treatments,
Additionally, liver, spleen, genital, and brain imidacloprid concantrations were determined by an
enzyme-linked immunosorbent assay (ELISA). Results imficated that 1} control deer consumed more
water than trestment groups, 2) imidacloprid was present in the organs of aur control group, indicating
environmental contamination, 3) as imidadloprid increasad in the spleen, fawn survival, thyroxine
tevels, jawhone lengths, body weight, and organ weights decreased, 4] adult female imidacloprid lavels
in the genitals were negatively correlated with genital organ weight and, 5} bebavioral observations
indicated that imidacloprid levels in spleens were negatively correlated with activity levels in adult
fermales and fawns. Results demonstrate that imidaclopeid has direct effects anwhite-tailed deer when
administered at fisld-relavant doses.
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water consumption among treatment and vontrol groups with date used a5 a covariate, To detect imiducloprid
roucentrations a5 the imidaua;}nd water was consumed, a 3-d experiment was conducted. On duy | the appro-
printe treatment or control group concentrations were created in five, 831 galvanized tubs. On day 2, 50% of
the water was removed from ol wubs, On the third day, nearly all water was removed from the tubs, leaving only
enough water o voat the hottom of tubs, Samples (15 mL) were collected dafly from each tub. This procedure
mimicked water level veductions due to deer consamption. nidacloprid samples were an alyzed asing FLISA
{enzyme-linked immmunosorbant assay; Abragis, Warminister, P See Section 4.7 for procedures].

Collection of blood samples.  Blood samples were collected from adult famales and favens in treaments
using BD Vacutainer Serum tubes {Becton, Dickinson, and Company, Franklin, N}, We collected up 12 mL
of blood from the sephenous veln approximately mmﬂhh during treatments while deer were held i a chute
(?mrcrt Wildlife Equipment Deer Chute; Priefent®, Moumt F Imaan_t TX We collected bioed « Jamplc: {1-10ce
from the saphenvus or jugadar) from fawns twices 1wk atter parturition and atapprogimately 5 mo of age. Blood
samples were refrigerated untif processed to extract servm (3 h to 2 d3, Upsn reaching the lab, blood samples were

centrifuged (Ultra-8V; LW Scientific, Lawrenceville, GAJ for 15 min M 280 g v separate serum for lesting FE3
{fres iriiodothyronine and FT4 {free thvroxine) hormmnes.

T3 and FT4 thy roid hormunes reflect the ability of the deer w utilize body fat reserves, regulate basal muta.
bolic rate, and contrel thermal regulation™. Seram from Mood sampm was teansferved 1o labeled 1. Sml micro-
centrifuge tubes (Bramsd Tech® Scientific Inc., Bseex, CT), sealed, and frozen at —20°C. These samiples wers then
az«vermgmd to the Disgrostic Center for Population and Animal Flealth at Michigan Stuce University {Langing,
M) for FT3 and FT4 testing. These assays were performed with commurcially available sofid-phase radioim-
munnoasaay kits (PREE T3 salid Phase L,x}mpomm System anid Pree T4 Solid Phase Compuonent System, MP
Biomedivals Diagrostics Division Orangeburg NY 109623, The vohunies of surple, assay standards, and radivdi-
gand were used aceording to the manufacturer’s protocel. Incubation demes for free T3 and free T4 assavs were
2.5h and 1.3h, respectively, ot 37°C,

Behavioral Observations.  Focal sampling of bebavioral observations were collected on treatiment and
control groups prior 1o death, Behaviors included eat, lay, lay/groom, lay/rumingte, stundiruminate, ron,
stand, stendsgroem, stand/nurse, and walk; for fawns, the behaviors I vicart and lay. #ep also were résers
Observations were conducted in 1h blucks nsing i ethogram™, Nun% rime blocks, vecarrences of behaviors
were tallied and the duration of each behavior {in ¢) was recorded. Observadons ocourred betwesn &4 and
18:0302. Iy each session, ar adult female or fawrowas randomdy chosen {without replacerient) from each treatment
and contral gronp {11 =28h for 2016 fawns and 0= 2V h for adudt fermales}).

Necropsies.  Alldeerin the weperiment (adult females and frwns) were euthanized and subsequently necrop-
sied using IACUT approved proweoks. Fowns were euthanized at the end of each feld season {QOctaber 2613
and 2016) and adult fenvides were euthanized at the completion of the stady {Uctober 20183, Adul fomales and
fwwns were first tranquilized using xvlazing (Bayer, Englewood, Colorado) and welezol {Zoetis, Parsippany-Troy
Hills, Mew Jersey when bheld in o Pricfert deer chute and, onee immobilized, were euthanized using suthenosia
sojution (MW1 Veterinary Supply, Bois m un according to manufscturer's suggested dosage. Once does and favns
wire vuthanized, they were frozen at - 2070, Al fawns and does i the experiment were necropsied at the South
Dakota Animial Disease Research and Dm&nmtsu Laburatery, South Dakota State University, Brookings, South
Dalota.

Necropsies were performed by P Dravie Kinudsen (assisted by ¥, Hughes Berheim . Liver, bradn, spleen, and
genital nrgans were sxtracted, we;g,fmi, and 2.5 one’ samples were collected. Additionally, we collected Fawn jaw-
bones to determine length. Organ samples were then frozen ar —20°C el they could be analyzed vsing BLISA

ELISA Tasting, Imidacloprid levels were determined for euch organ vollected. Briafn, liver, spleen, snd geoital
samples were removed from the freezer and @ portion of each organ (8.5-0.75 g} was minced using « sterilized
scalpel ard placed into a polypropvlene micrs cmtrr!.r‘uge tube, Water was added ro the tube at a rativ of Tmlolg
thasue saraple. Each misture was shaken using a vortex {Therme Scientific), heated inan 80°0 water bath for
{rmin, and frozen at - 20°C. Fraxen mixtures were thawesd and congrifuged (Centrifuge 5424, Eppendorf} at
21,1304 for |oin, The Hguid was extracted and placed o separate micns centrifugs tubey; s‘em;i'xrting solids in
the organ samples and remaining lguid were refrozen. Liguid samples were vortexed anad a 25 wl portion was
extracted and pl placed into 1 separate microcentrifuge tabe. The excess liguid also was stored frozem. The remaining
lignid was mived with 23 pL of water, vorterssd for 34, and centrifuged for 23 in preparation for the ELISA fsauy.

Al samples were read af 450 nm using & mivroplate render (uQuant, Biotek Instruments, Winoaski, V) Bach
plate had ar léast two standard curves of purified inddadoprid (Product number: 37894 SIGMA-ALDRICH, S¢
Louis, M, USAL In preparation for the standard curve on each plate, seraples from negative adult females were
mixed together 1o acnount oy the matyis eifect of the organs and a stock solution of ;rmdadi}pnd was crested af
0.0, 003, 0.08. 013,825 0.5, 1.0, wund 2.0 ppb. The standard curve on the ELIZA plate contained 25 pL control
organ in solutinn with 25 uL of the stock solution of tmidacloprid, creating eight wells with concentrations that
comprised one standard curve, We were unable to use the control ergans in our standard curve because our
experiment was unintentivnally contaminated with imidacloprid; therefore, we used the deer sample with the
lowest absorbagce value as our baseline for guanifving imidacloprid quant We optimized the tssue prepa-
ration approach for this ELISA on solid samples using peer-reviewed methods™*

Analysis.  Datacollecied in experiments were analyzed using Systat 13 (Systat Sofiware Inc., San fose, CAL
Muake and fernale fawry argan concentrations for those fawns that survived versas these that died were compared
using t-tests. O ELISA results indicated that there was contamination of sur control group. As a conseguence,

{3719} 94534 | hitpefidolorg/ 10, 1028454 1 538019409943
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Movember 13, 2017

Comments from the Natural Resources Defense Coungil
On the imidacloprid: Human Health Draft Risk Assessment
for Registration Review (June 2017}
Document 1D EPA-HO-OPP-2008-0844-1235

Comments submitted efectronically to Docket ID: ERA-HO-OPP-2008-0844-1234

The Natural Resources Defense Council {NRDC) has no direct or indirect financial or fiduciary
interest in the manufacture or sale of any chemical or methadaic‘gy that would be the subject
of these comments. :

These comments are on the Imidacloprid Human Health Draft Risk Assessment [2017), herein
referred to as EPA HHDRA.

BACKGROUND

imidacioprid is one of the most popular and widespread insecticides in the U.S, The
neonicotingid or “neonic” pesticides are used to treat soil, seeds and foliage to controf sucking
insects such as rice hoppers, aphids, thrips, whiteflies, turf insects, sail insects and some
beetles.? Imidacloprid is most commonly used on the following crops: rice, cereal, corn,
potatoes, vegetables, sugar beets, fruit, cotton, hops and turf.® Apart from its use for crops, it is
also used in and around homes, vards, gardens, and public parks and green spaces to control
termites, and fleas on pets.*

ity feeww regulations. gov/document PD=EPA-HQ-ORP-2008-0844-1235
*imidactoprid. Extoxnel: Extension of Toxicology Network,
hitg://omep.cos.oornalledu/profilesfectasnet/hatoxyfop-methylparathion/imidacloprid-ext himd
Y imidaclopeid, Extownet: Extension of Toxicology Network,
hitp:/fpmep.coe.cornalladuf/profilesfextomnet/haloxyfop-mathylparathion/imidacioprid-sxt. bl
* Imidacloprid: General Fact Sheet. 2010, National Pesticide Information Canter.

ttpf inpic.orsteduffacisheetsfimidagen. himiwhatis
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imidacloprid is also used as a seed treatment ~ a use that NRDC opposed in our comments to
EPA on its preliminary aquatic risk assessment for imidacloprid (July 201 717 The value to
farmers of these costly and environmentally-damaging seed treatments is increasingly shown to
be negligible or marginal at best. A 2015 multi-state University Extension report sharply
questioned both the economic and environmental justifications for using neonicotineid-treated
seed in soybeans: “To summarize: For typical field situations, independent research
demonstrates that neonicotinoid seed treatments do not provide a consistent return on
investment.” 7 8 The current use of neonicotinoid seed treatments in soybean and other crops
far exceeds pest pressures.”® Since then, reports by academics', the Center for Food Safety
{2017}, and EPA experts {2014} have provided further evidence to support these
conclustons. Worse, the toxic soil residues from neonic seeds may make pest control even more
difficult by disrupting biclogical control systems. ¥ ¥ indeed, a study by Douglas et al {2015)
reported that in slug-infested fields, soybean grown with neonic-treated seeds had poorer
yields than counterparts grown without neonic seeds, 15

¥ see NRODC comments o EPA Preliminary Aquatic Risk Assessment, luly 2017, EPA-HO-OPEI008-0844-1146,
Availabie st htms:f!aseww,reguiatmns(‘gwjdawmeﬂt?B:EPAuHQ—-D?PQGQ&QQM»HIQ

“Hodgson, E.W., and 5, VanNostrand, 2014. 3014 Yallow Book Report of insecticide evaluation for sovbesn pests,
21 pp. Department of Entomology, fowa State University, Publication 236-14. Hodgson, EW., and G. VanNostrand.
2013. 2013 Yellow Book Report of insecticide svaluation for soybean pests, 25 pp. Department of Entomology,
fowa State University, Publication 29413, Hodgson, EW,, and G. Vanhostrand. 2012, 2012 Yellow Book Report of
insecticide svalugtion for sovbean pests, 35 pp. Departrnent of Entomology, lowa State University, Publication 291~
12, As reparred i http;f{enta‘p51@'.&(3&1;‘&:»{&@nsz“cng’fief‘d»cm;'Js‘/factuzsheet‘-Efﬁec‘tivemessﬂsfnweonicotinﬂﬁfi&eed«
Treatments-in-Sovbean _

? Seagraves, M.P., and 1.6, Lundgrén. 2017, Effacts of neonicotinoid sead reatments on soybean aphid and its .
natural enemies. Journal of Pest Selence, 85: 125132 v

EmeCarville, LT, M.E. O Neal, B0, Patter, K., Tiimon, B.F, MuCornack, LF. Tocker, and DA Prischimann-
Voldseth. 2014, One gene versus fwo: A regional study on the efficacy of single gene versus pyramided resista fce
far soybean sphid manggement. lournal of Econamic Entomology. 107: 1880-1687

® Bafley, Wayne et. al, 2015. The Effectiveness of Neonicotinoid Seed Treatments in Soybean.” Purdiue Extension
Service {and others), £-268, December, h{u):ffﬁﬂtﬁ.psu‘€£‘du‘f&‘xtl’}n‘Ef{'}ﬂfﬁeid%f(}psﬁact“ﬁhEQ’EﬂEff&Z‘CﬂVi’ERQSS'Gf"
Neonicotinoid-Seed-Treatme nEs-in-Soyhean - ‘

¥ ¥rupke UH, Holland 1D, Long EY. and EBitzer BD. (2017}, Planting of aavnicotingid-treated maize poses risks for
honey bees and other non-target organisms over a wide area without cansistent crop vield benafir, § Appt Ecol,

2 centerfor Food Safety report 2017, Alternatives to Neonicotinoid Insecticide-Coated Corn Seed: Agrorcelopical
Muethods are better for Farmers and tha Erwvironment, '

hitpe/ fwww cente rforf(mésaf&ty.nrg!iﬁsues,faGﬁi/miIinatr;rs-aﬂd~pes’(icEdeﬁfpresaweieasas/d%?g’iancﬁmarkwepmt«
shiows-bea-ki izrmgwsewawaténgsﬁrﬁnt--warth»th&harm

Y EPA 2014, Benafits of Neonicotinoid Seed Treatments to Sovbean Production.

hr‘tm:,’jw;,vw.epa,gwfsimsf production/files/2014- , .
1D}dcmm\ar;tsfbeneﬁts;af__nmnicmtinoidﬂseﬁdwtr«aatmmts»’mumybeanqpmductiong.pdf

¥ Seagraves, M.P., and 1.6, Lundgren. 2012, Effects of neonicotinoid send traatments on soybean aphid and its
natural enemies. Journal of Pest Science. 85: 125-132. ‘

“ Douglas, M.R., LR. Rohr, and LE. Tooker. 2014, Neonicotinoid insecticige travels through a soil food chain,
disrupting biclogical control of nan-target pests and decreasing sovbean vield. fournal of Applied Ecology,

¥ Douglas, M.R. and LF. Tooker. 2615, Large scale deployment of sead treatments hes driven rapid increase in use
of neonicotinoid insecticides and preemptive pest management in US field crops, Environmental Science and
Technology,
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Figure: U5, Geological Survey map of estimated agriculture use of imidacloprid for 2015%
Mote: State-based and other restrictions on pesticide use may be reflected in the FPest-low
estimates because they are based primarily on surveyed data.
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tmidacloprid kills insects by debilitating their central nervous system. it mimics nicotine and
binds to nicotinic acetylchdline receptors, biocking the receptor and therehy preventing nerve
cell transmission, leading to paralysis and death in insects. In humans these feceplors arg
found in neuromuscular junctions and the central nervous systém’ Imidacioprid is a systemic
insecticide. When plants take it up through soil or leaves, it zpreaﬁys to other parts of the plant,
such as its stems, fruits and flowers. Insects that chew or suck on these plants ingest the
insecticide, which attacks thelr nervous system and kills them. ™ Neonic pesticides alse are
absorbed into the plant tissue of milkweed — the sole food source for monarch butterfly larvae -
rendering the milkweed deadly to the caterpillars and other beneficial pollinatars. ¥

Imidaclaprid residue on baby ond children’s foods

New and disturbing evidence shows that imidacloprid is making its way into our food and water
supply. The United States Department of Agriculture (USDA) Pesticide Data Pragram {PDP)
monitors imidacloprid residues in food. According to the Pesticide Action Network publicly
searchable database, “What’s On My Food”, using data aggregated from public sources

HUSGS. Mational Water-Guality Assessment INAWOA] Project. Estimated Annual Agricuitural Pesticide Use,
Pesticide Use Maps - imidacioprid, ‘ ‘ R
:httm:f{wamr.usg&gaw’m:wqesf;‘ms;}}a.ssagm’mapsfshmwmmap.php?\;ea'%’::zf.}lfs&magnh‘vﬁBMILOPREa’}&héim:t&dégpxi
mvidacionrid C :

Y imidacloprid: General Fact Sheet. 2010, Nationa! Pesticide information Centar,

hitp: /i npic.arst edu/factsheets/i genhtmittwhatis. o

¥ imidadoprid: General Fact Shest 2010, Naticnal Pesticide inforration Center.
hitpfapicorstedu/factsheets/imidagen btmldwhatis ' .

¥ Pecenka, LR, snd LG, Lundgren. 2015, Nontarget effects of ciothianidin on monarch butterilies, Science of

Mature, 102 13,

fad
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including the USDA PDP 2012 data, imidacloprid was detected in the foltowing baby foods and
commor children‘s foods: baby food - applesauce {0.3% of samples); baby food - pears (13.6%
of samples}; bananas (1.8% of samples): apples {20% of samples); cherries {14% of samples);
and grapes (48% of samples).®® Detection rates were greater in fresh, unprocessed fruits and
vegetables. Moreover, the pesticide’s systemic nature means it cannot just he washed off the
surface of these foods prior to consumption.

fmidacloprid in wdfeé’

A study by the U.S. Geological Survey found widespread neonic contamination of streams
across the country, At least one neonic pesticide was detected in half the samples collected,
with imidacloprid being the most frequently detected contaminant {37% of samples) ®
Interestingly, clothianidin and thiamethoxam concentrations were higher in agriculture areas,
whereas imidacloprid concentrations were higher in denser urban areas within the watershed.
This suggests that its urban uses in lawns and gardens, and parks and public spaces are having a
measurable impact on watershed contamination, including sources of tap water. imidacloprid
was reported in tap water in lowa City, causing alarm for residents.2? EPA has not established a
mandatory drinking water limit {(Maximum Contaminant Level, MCL) for imidacloprid or any of
the other neonic pesticides.

Imidacioprid exposure from residential uses.

imidacloprid is approved for a wide range of residential uses that lead to exposures to
vulnerable populations, including women of reproductive age, infants, and toddlers, it is
permitted to be used on ornamental turf and plants, residential fawns and gardens, pets {spot-
on treatments and '{:oilars}, bed bugs, crack-and-crevice treatments, and on woord as g
preservative and termiticide.

Advantage® is a popular anti-flea treatment applied topically to cats and dogs. it contains 9.1%
imidacloprid. in one study, significant amount of transferable residue was found on the dog’s
coat up to 4 weeks after a single treatment.® According to the authors, Advantage® may pose
health risks for individuals who regularly handle pets such as veterinarians, pet owners and
caretakers.®

O PAN, What's On My Food. Publicly sesrchable database, Pesticide Action Network,

htp:/fwww whatsonmyfood org/index jsp

* Hiadik, M.L., and Kaolpin, DWW, 2018, First national-seale reconnaissance of neonicatineid insecticides in streams
across the USA: Environmental Chemistry, dob10.1071/EN15061. Online here:
https:f;’mxif:s.mgs.gcwﬁighisights,f?.(}l3‘{3‘8-13«&35%3Ewﬁa‘anicsyhB:mi

2 jaxen 1. 2017, Breaking Study: Insecticides Faund in lowa Drinking Water, GreenMead info,
?m:;:x;,f}www.greenmadinfc,ccmfhﬁagf br&aking-mudy#nsemicides—femd~§owaadrmkmg~water.

# Craig MS, Gupta RC, Cander TD, and Britton DA, 2005 Human exposura to imidacioprid from dogs treated with
Advantage®. Toxicel Mech Methods. 15(41:287.91. _ :

B Craly M5, Gupta RC, Cander T8, and Britton DA, 2005, Huntan exposure to inidacloprid from dogs tregted with
Advantage®. Toxico! Mech Methods, 15{4):287-91.
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Imidacloprid poisoning incident data gathered by the EPA between 1992 and mid-2009
documents over 22 thousand minor poisoning incidents in people from residential uses. % Most
people were exposed from applying imidactoprid products to lawns and gardens, or by playing
with pets that had recently been treated for fleas and ticks with zmzdac&epnd-cmtsmmg
products. Reported adverse effects included skin irritation and rashes, numbing and tingling on
fingers and lips, facial numbness and swelling, lethargy and nausea. Over the same time EPA
documented over 4 hundred deaths of domestic animals, mainly dogs and cats treated with flea

and tick products,

A study by NiH-funided researchers from UNC Chapel Hill and UC Davis reported that frequent
exposure {setf-reported by parents) to imidacloprid applied a_s flea and tick treatments for pets
{Advantage by Bayer} during pregnancy was associated with an up to 4-fold elevated risk of
Auti‘sm Spectrum Disorder {QR 2.{}, 95% C11.0-3.9} in prenata%lwex@ased children.®®

These studies together support the use of an FQPA factor of at least 10X to prevent harm from
prenatal and early life exposures to amzdaclcprsd ‘

FOPA — EPA FAILED TO ADDRESS RISKS TO CHILDREN

Under the Federal Food, Drug and Cosmetics Act {“FFDCA”}, EPA may not “establish or leave in
effect a tolerance for a pesticide chernical residug in or on a food” unless the Administrator
determines that the tolerance is safe. 21 U.S.C. § 346a{b){2}{A}(i}. The Food Quality Protection
Act ("FQPA™), a 1996 amendment to the FFDCA, requires that EPA make an affirmative
determination that there is reasonable certainty of no harm from use of a pesticide in
accordance with its label, and it must make this finding considering aggregate and cumulative
exposures to infants and children. Id. § 346a(b){2){CI(iI)1), (1), EPA must revoke a tolerance if it
finds a pesticide residue would not be safe. id. § 346a(b}{2){A}i).

EPA HHDRA (2017) determined that the Food Quality Protection Act (FQE’A) facmr could be
removed (reduced to 1X), based on the following reasons:
1. EPA finds that the toxicological database is adequate, there are no major data gaps;
2. EPA believes that the observaed neurotoxic effects are well characterized and
protected for;
3. EPA believes that all fetai and nffag;rmg effects are well characterized and protected

for: and

% US EPA, Spacified Incidents for Registersd Products Containing a Specified Active Ingredient Imidacloprid,
Submitted January 1, 19‘32 through June 26, 2009, FOIA Reguest ¥H(- R!N-Q}.&?E 09 to lennifer Sass, NRDC. June

18, 2009,
€ weil AP, Daniels I, Hertz-Picdiotto 1. Autism «pt—jumm disgrder, flea aﬂd tick medltaﬂcm and ad;uatments far

exposure misclassification: the CHARGE {CH& dhood Autum Riskv from Genetata and Enviromment) case-control
study. Environ Health, 2014 Jan 23;13{11:3
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4. EPA believes that the exposure assessments are sufficient and unlikely to
underestimate exposure,

We challenge each of the above four assertions as foliows: ,

1. EPA’s assessment has significant date gaps by failing to address the non-industry
studies. in the published scientific literature; ,

2. EPA failed to address evidence of developmental risks, including neurobehavioral
and endocrine risks;

3. EPA does not characterize or protect for fetal and offspring effects:

4. All pet collar uses pose an unacceptable risk to children; they should be cancelled
immediately. Further, EPA’s methods are likely & significant underestimate of risk.

Accordingly, EPA should apply an FQPA factor of at least 10x to imidacloprid. Our detailed
response is below. :

1. EPA’s assessment has significant data gaps by fai%im;f to address the non-industry
studies in the published scientific literature :

EPA fails to cite or addrass studies from the peérwréuéew&d published literature, which support

the need for an FOPA factor of at least 10X. Here we describe some of those studies.
Laboratory tests with cell cultures and rodents led the European Food Safety Authority [EFSA)
Lo categorize two neonics — imidacloprid and acetamiprid ~ as possibly impairing the developing
human nervous system.?’ Non-industry published animal studies report neurobehavioral
impairments in rodents that were exposed to imidacloprid prenatally, from a si ngle high-dose
injection of the pesticide to the pregnant rat {337 mg/kg at day 9 of pregnancy}

There are some published medical reports that can be used by EPA to understand the clinical
sequelae of acute imidacioprid poisoning in people:

* A healthy 35-year-old male farmer ingested 350 mL of imidacioprid in an attempted
suicide. *® After thirty minutes, he began to feel drowsiness, severe nausea ard copious
vomiting. After he was admitted to hospital, he showed bradycardia and had a
cardiorespiratory arrest, He did not respond to advance fife support, and died.

¥ EFSA Assesses Potential Link Betwaen Two Meonicotinaids and Ceveloprmental Neurotoxicity. December 17,
2013, httpz,’f’mvw,sefsa,eurnpa.eu{am’press/newz}l312 i7 ‘

 pbou-Donia MB, Goldstein LB, Bullman 5, Tu T, Rhan Wa, Dechkovskaia AML, Abdel-Rahman a4, lemidactoprid
induces neurobehavioral deficits and Increases espression of glial fibrillary acidic protein in the motor cortex and
hippocampus in offspring rats foltowing in utero exposure, § Taxical Environ Health A, 2008, 71{251 1930,

* Shadnia $ and Hassanian-Moghadd H. 2008, Fatal intomdeation with imidactoprid insecticide, American Journal of
Emergency Medivine. 25, 634.e1 ~ 634,04,
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»

In another case, a 69-year-old woman ingested 200 mi Confidor, which contained 9.6%

imidacloprid. She also became drowsy and started to vomit within 30 minutes. After

twa hours, she suffered a fatal heart fibrillation, and died 12 hours later, ¢

s A Z2d-year-old farmer accidentally inhaled an insecticide spray containing 17.8%
imidacloprid while working on his farm. He became disoriented and then unconscious,
which lead to further exposure, Subsequently, he suffered extreme agitation, frothy
secretions, cyanosis, diaphoresis, and disorientation. The authors concluded “Clearly,
there is an urgent need for higher toxicity rating and accumulation of human data for
this compound, especially for subclinical neuropsychiatric effects.”®

» A study of Sri Lankan self-poisoning incidents reparted on 68 patients (61 were poisoned
from self-ingestion; and 7 from dermal exposure), Symptoms presented int
approximately four hours after'exposure, and included symptoms of nausea, vomiting,
headache, dizziness, abdominal pain, and diarrhea. 3

= Astudy of Taiwan National Poison Control Center reports identified 53 cases of acute

poisoning. Among them, two died from respiratory failure.?® The authors note that the

clinical signs and symptoms presented much like cholinergic poisoning.

A published study of rural residents reported an association between residential proximity to
agricultural use of imidacloprid and anencephaly.® While the study is limited by the potential
for exposure misclassification and hy the small number of cases that were exposed, itis
consistent with effects reported for othef related pesticides, and highlights the need for
precautionary measures to prevent prenatal exposures, and for more study.

Earlier this year, a team of government and academic researchers published a systematic
review.of studies on human health-effects of the neonic pesticides, including case regﬁcrts of
intentional poisoning studies, studies of occupational exposures, and population epzdemiolcgic
studies.?® Their review identified four m‘eneral population studies that reported associations
between chronic neonic exposure and adverse developmental or neurological outcomes,
including tetralogy of Fallot (AOR 2.4; 95% CI: 1.1, 5.4), anencéphaly (AOR 2.9, 95% Cl: 1.0, 8.2),
autism spectrum disorder [AOR 1.3, 95% credible interval {Cri); 0.78, 2.2}, and a symptom

¥ pyang N. 2006, Fatal ventricubar f;br;i!at;cm ina paﬁent w:th anute ir'ﬂfdcii, uprid poisaning, Amerman Jmumai of
Emergency Medicine, 28{71,883-885,

H pitesh, A. and Rajagopala, 5. 2007, Severe neuropsychiatric manifestations and rhabdomyalysis in 2 patient with
imidacioprid poisoning. American lournal of Emergency Medicine. 23{7}: 884-845.

3 pohamed F, Gawarammana {, Robertson TA, Robaerts MS, Palangasinghe C, Zawahir 3, et al, 2009, Acute humarn
self-poisoning with Imidacioprid compound: 8 neonicotinoid insecticide. PLoS One 4{3}:25127, doi:

101371 fiourmnalpone DOUS 1T,

3 phua DH, Lin CC, Wu M, Deng IF, Yang CC, 2009, Neonicotinoid insecticides: an 9mergmg cause of atute
pesticide poisoning. Clin Toxicol [Phila} 47(4):336-341.

¥ yang W, Carmichasi SL, Roberts £M, et ob. Residential Agricultucal Pesticide Exnoswea and:Risk of Neural Tube
Defects and Orofacial Clefts Ameong Offspring in the San Joa qum Vaiiey of California. ilmerfwn Jfournal of

Epide mifofogy. 2014, 17HERT740-748. ’ :

% Cirning ABA, Boyles AL, Perry M, stal. 2017, Effncts af Meomcotingid Pesticide Exposure do Hilman Health:

& Systematic Revipw. Environmental Health Perspectives. 125{2); 155-162. hitp//dwdoiorg/10. 1289/EMPS1S.
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cluster including memory loss and finger tremor (AOR 14, 95% CI: 3.5, 57).% 37 After
systematically reviewing and assessing the quality and outcome of the available studlies, the
authors concluded that the studies were limited but suggestive of human health impacts, and
that more study was needed giving the widespread use and human expasure to this class of
pesticides 3

These published studies can inform EPA’s human health risk assessment, including its use of
uncertainty factors. These data provide evidence that current residential uses of imidacloprid
products lead to acute poisonings with a range of severity. Further, these data provide some
evidence that chronic exposures, particularly during critical windows of development prenatally
and in early childhood, may tead to persistent neurobehavioral impairments, These data are
consistent with the neurotoxic evidence from animal studies, and lend support for an FQPA
factor of at least 10X to prevent harmful exposures to women of reproductive age and young
children,

2. EPA failed to fully characterize developmental risks, including neurobehavioral and

‘endocrine risks ‘
E vidénce af Harm in z‘.}eue!oﬁmen;’af Neummxic{fy Test {Rat) |

To address concerns of early-life sensitivity to imidacloprid, the registrant, Bayer CropScience,
submitted Developmental Neurotoxicity Test results {DNT) (MRID 45537501; Sheets, 20013 EPA
determined at the time that Bayer's DNT study did not fulfill the guideline requirements due to
serious flaws in the study design including irﬁté}mplete data reporting and inadeguate positive
controls.® The original study review by EPA asked that registrants submit the following
information to address the “study deficiencies”: complete analytical data; morphometric
measurements for caudate/putamen [brain regions] for females at intermediate doses; and,
additional positive control data. EPA classified it as acceptable/non-guideline, and assigned the
same NOAEL and LOAEL (20 and 55-58 mg/kg-day respectively) to both the pregnant dams and
the offspring. -

However, in an undated memo, EPAéubge‘quentIy re-classified the Bayer DNT study as
“acceptable/ guideline” without any additional data or information.*® Given the significant lack
of raw data and the inability of EPA to do a thorough and independent analysis of Bayer's study

*® Yang W, Carmichael SL, Raberts EM, et al. Residential Agricubtural Pesticide Exposures and Risk of Neural Tube
Defacts and Orafacial Clefs Amnong Gﬁ%pééng in the San Inaguin Valley of California. American fournal of
Epidemioiogy. 2014;179(6):740-748. C

¥ Kait AP, Daniels JL, Hertz-Meciotto |, Autism spactrum disorder, flea and tick medication, and adjustments for
edposure misclassification: the CHARGE {CHHdhood Autism Risks from Ganetics and Enviranment} case-control
study. Environ Health, 2014 Jan 23,1318, . : . :

# Cimino AM, Boyles AL, Perry MJ, et al. 2017, Effects of Neonicotinoid Pesticide Exposure on Human Health:

A Systamatic Review. Environmental Health Perspectives, 1252 155-152. http:ffdx.datergfi&lZSﬁ?;’EHP515.
* See NRDC's comments in 2009 to EPA In the federal docket (www.regulations szovl an this issue. Bocument 16
EPA-HO-OPP-2008-0772-0005 and EPA’s DER of the rodent DNT, EPA-HQ-OPP-2008-0844-0115.

* see EPA supplemental Data Evaluation Record, mema from Anwar Dunbar and Connor Willlams,
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- which is inexcusable, given EPA’s extensive authority under FIFRA to require data and
information — the study should not be considered guideline. o

Manetheless, EPA’s subsequent review increased the matemé? NOAEL from 20 to 55
mg/kg/day, and noted that a LOAEL was not observed. This change meant that the offspring
were determined to be 2.75X more sensitive than the adult dams. This alone should have
triggered an FQPA factor of at least 3X.

in addition, EPA noted in'the HHDRA that, “ini the rat DNT study, there is evidence of an
‘apparent’ increased guantitative susceptibility” (EPA HHDRA, Section 4.4.3, page 15}. This
should have justified at least the remainder of the FGPA — another 3X ~ which would have
resulted in a full 10X FQPA. Instead, in the HHDRA, the EPA dismissed the evidence by positing
that it considers the concern to be low because the effects {body weight deficits and decreased
motor activity} are wel] characterized and the"régui'atory limits are expected to be protective of
the rat pup effects seen at higher doses, (

How can EPA rall the effects “well charactérized” given that the registrant failed fz_b”\:suvpp[y many
study details to EPA? The whole study was poorly characterized, as EPA initially characterized it
Further, the rat DNT study is specifically designed to identify developmental neurotoxic effects
- that is the title of the test protocol. The regulatory limits that EPA set are based on a
subchronic and chronic toxicity study in dogs that is not designed to identify subtle
neurcbehavioral or neurodevelopmental effects, and daesn t test prenatal exposures. The dmg

“study protocol doses adult dogs only, and i‘:h&refm& cannot ideﬂtlfy possible adverse impacts
from prenatal or early-life exposures. The dog study is in appropnate to characterize .
developmental effects, and EPA has no basis for using its resu?ts to dismiss evidence of
developmental harmi in prenataiiy exposed mdent’; '

Developmental Toxicity Tests (Ruts and Rabbits]

In addition to the DNT study, EPA {1993) reviewed two developmental toxicity studies, one in
rats {83-3a, MRID 422563-38, Becker et al 1992} and one in rabbits {83-3k, MRID 422563-39).
Fram the rat study, EPA {1993} derived 2 maternal NOEL of <10 mg/kg/day and LOEL of 10
mg/kg/day based on decreased body gain. At 100 mg/kg/day, decreased food ansumptmn was
observed. EPA derived a developmental NOEL of 30 mg/kg/day and LOEL of 100 mgf&:g/day
based on decreased body weight and increased skeletal abnormalities {(wavy ribs) From the
rabbit study, EPA {1993} derived 3 NOEL of 24 mg/kg/day and LOEL of 72 mg/kg/da\; for both
the maternal and offspring groups. However, the maternal NOEL was based on decreased body
weight, increased resorption, increased abortion, and desth. The offspring NOEL was based on
decreased body weight and increased skeletal abnormalities. Thus the impacts on development
are much more severe than on the adult. itis worth noting that the offspring NOEL values from
these two tests is almost identical to the offspring NOML derived from the rat DNT study

{discussed above) - about 20 mg;kg day.
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Like the DNT study results, these tests also show compared with adults, the impacts of prenatal
and early-life exposures to imidacloprid causes permanent and very severe impacts on exposed
offspring - spontanecus abortion, death, and severe skeletal abnormalities. This very dramatic
obviaus difference in qualitative susceptibility between the offspring and maternal effects also
supports the need to retain the default FQPA factor. In other words, prenatal and juvenile
exposure to imidacloprid can have serious and possibly deadly effects compared with mild or
no effects on adults,

However, given the limitations of the studies — the only one that was specifically designed to
detect developmental neurotoxicity had serious limitations and lack of detailed reporting — the
study is likely to bias to the null, or have false negatives {fail to identify harm) at the lower
doses due to lack of sensitivity. This is because an underpowered study that fails to find an
effect at the lower dose is difficult to interprat ~ the study may not be sensitive enough or have
enough statistical power to detect a low-dose effect. However, if the same-underpowered
study finds an effect - the impacts in offspring at the LOAEL - it is more likely that the effectis
real. As an analogy, if you reach into a haystack only a few times {an underpowered study or a
low dose} and don't find a needle {3 nuli resuit), you cannot conclude whether or not there may
be needies in the haystack, whereas if yau dofind a needle {an underpowered study that finds
an effect}, then there is at least ane-needle, and probably more, in the haystack Le. the effect is
real. Thus, there is very low confidence that the reported NOAEL is adequately protective,
further supporting the use of the default FOPA factor,

Developmental Neurotoxicity effects {Dog study}

EPA HHDRA (2017} emphasized that the dog is the most sensitive species that was tested, and
particularly highlighted the neurotoxic effects that were reported in the sub-chronic study,
including trembling and tremaors at the mid and high doses {EPA HHDRA, page 14}). Cal DPR
{2006) noted that “unlike the mild effects seen in the chronic study, sub-chronic treatment for 4
or 13 weeks with similar doses {24-64 mg/kg/day) imidacloprid produced a marked toxicity in
dogs, including mortality, severe tremors, morphological changes in liver and thyroid and
weight loss”™ {Cal DPR p. 39-40). EPA {2017) suggests that the reason that these effects were not
reported in the chronic study were differences in measurement times, which were much more
frequent in the sub-chronic study. EPA notes that neurotoxitity was also reported in the rate
acute and DNT studies, and in the acute neurotoxicity study, indicating strong concordance
across species (EPA HHDRA, p. 14}

The dog study should be considered as suppartive of the findings of developmental toxicity in
offspring from the rodent and rabbit studies, However, as noted above, the dog NOAFL is not
relevant to FQPA considerations, since it is an adult only study, and therefore cannot identify
possible adverse impacts from prenatal or early-life exposures.

EPA Ignores Affirmative Biologically Relevant Evidence of Adverse Endacrine Effects
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NRDC raised many of these same concerns of EPA disregarding evidence of endocrine effects, in
our comments to EPA on its preliminary aguatic risk assessment for imidacloprid (July 201714

In a rat teratology study {83-3a, MRID 422563-38, Becker et a} 1992), imidacioprid {94.2% a.1}
was administered daily by gavage to mated female Wistar rats from gestation days [GD} 6
through 15 {Becker et al., 1992). Each dose group consisted of 25 rats. The respective doses
were @, 10, 30 and 100 mg/kg/day. On gestational day 21 {GD 21) the fetuses were delivered by
a cesarean section and examined for developmental abnormalities. Interestingly, CA DPR noted
that “exposure of dams to 100 mg/kg/day imidacloprid resulted in a disproporticnally high
number of male fetuses {59%). This effect was statistically significant{p £ 0.05) relative to
cantrol animals, which had approximately 1:1 ratio between males and females. Furthermore,
the sex ratio in the 100 mg/kg/day group was outside the historical range (range 45-51.9% male
fetuses out of 2194 fetuses; mean 49.5+1.5%). The historical database was compiled by the
authors from & developmental toxicity studies to represent the same period of study {1986-
1988)." (CA DPR p. 46} CA DPR concluded that; “Presently, it is unclearwhy the dams at the
high- -dose group-had more male fetuses, sincethere was no post-implantation foss, eg.
selective loss of female fetuses, to account for the higher number of the male fefuses. it was.
speculated that imidadloprid may possess androgenic propertiés, causing virilization of female
fetuses, which could explain the profound phenotypic gender change” {CA DPR p. 46} This
study provides some evidence that imidacloprid is an endocrine disrupting chemical.

In the imidacloprid Endocrine Disruptor Screening Program (EDSP), EPA identified many adverse
developmentally-refated endocrine effects:
» Effects on avian reproduction (i.e., decreases in eggshell thickness and/or egg
production/ hatchability} were observed in the Part 158 wildlife studies; ‘

- = Imidacloprid caused treatment-related effects on fertilization and embryonic .
development, mainly at zygnte formatmn and first cleavage of the zygote (Gu et al,
{2013};

- & Inthe male pubertal assay, a 15% decrease in the weight of the dorsolateral prostate
was observed at the low dose, and at the high dose, treatment related effects included
decreases in accessory sex organs/tissues, pltu;tary wezght and a deiay {3 4 days) in

- preputial separation; : ;

- & Inthe amphibian metamorphosis assay (AMA) while deiays in develapmemai stage and
decreases in growth were observed,

Despite these many developmentally-related endocrine effects, EPA concluded that, “Based on
weight of evidence considerations, mammalian or wildlife EDSP Tier 2 testing is not
recommended for imidacloprid since there was no convincing evidence of potential interaction
with the estrogen, androgen orthyroid pathways” . ** However, this ignores the affirmative

* sep NRDC comments on EPA Preliminary Aguatic Risk Assessment, July 2017, EPA-HO-0PP-2008-0844-11486,
Avaitable at hitps:/fwww.regulations.gov/document P0=EPA-HQ-OPP-2008-0844-1219

M EDSE Weight of Evidence Conclusions on the Tier 1 Screening Assavs for the List 1 Chemicals. June 29, 2015,
Svailable online at http; fiwww epa.goviendotrine- ciacmptaoﬁ ‘endocring-disruptor-screening-progeam-tiee-1-
sereening-determinations-and
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evidence of biologically relevant endocrine effects. It also ignores that these endpoints were
incorporated into EDSP-1 because they were fit for the purpose of identifying specific endocrine
hazards. Moreover, the EDSP-1 was never intended to characterize that hazard {dose-
response) or characterize risk. Finally, it also ignores the inherent limitations in the testing
methods such as failure to provide complete biological coverage of all relevant pathways, 5o
that the tests have the potential to miss chemicals that could adversely impact large sensitive
life stages {e.g., developing fetuses, infants, and children). As such, the endpoints listed above
are identifying the hazard that EPA had intended in the design of the assays. Simply put, EPA
should nat dismiss the hazards identified by these data.

Developmental effects, including effects on endocrine systems, support the use of the default
FQPA factor,

- 3.EPA does not characterize or protect for developmental neurotoxicity:

Consistent and supportive of FOPA requirements to provide special consideration and
protection to early life stage vulnerabilities, the National Academies of Science issued jts
seminal report, Science and Decisions {2009) with the observation that “small chemical
exposures in the presence of existing disease processes and ather endogenous and exogenous
exposures can have linear dose response relationships at low doses.” Science and Decisions, p.
158. In other words, there may be no safe threshold in the human population for many
chemicals. Newer science shows many examples of chemicals that increase the risk of various
non-cancer health effects—such as reproductive harm and neurclogical effects—at low doses,
without any scientifically-identifiable threshold (Grandjean and Landrigan 2006; Grandjean et al
2008). Even if a threshold is established in an individual, when risk is assessed across a diverse
population, there is a diminishing likelihood that the same threshold exists because some

people are more vilnerable than others,

The Science and Decisions report recommended that agencies use the same approach for
addressing risks from both cancer and non-cancer health effects (such as developmental or
reproductive effects). The committee also concluded that, “scientific and risk ma nagement
considerations both support unification of cancer and non-cancer dose rESpOnse assessment
approaches.” {Science and Decisions, p. 8). The agency called for a “unified-dose rEsSponse
framework” that includes a systematic evaluation of factors such as background exposures,
disease processes, and inherent vulnerabilities. This evaluation will inform the choice of the
appropriate dose-response model. The Science and Decisions report also pointed out that the
population differs due to age, disease status, nutrition, and other factors. Because of these
differences, and the fact that people are exposed to multiple chemicals, science supports using
a model that does not have an assumption of a threshold (a study NOAEL or regulatory
Reference Dose} below which expOsures cause zero risk in the population. The Science and
Decisions report recommended that 3 conceptual mode! be developed that is, “from linear
conceptual models unless data are sufficient to reject low-dose linearity; and nonlinear
conceptual models otherwise” {Science and Dacisions, p. 144). '
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The National Academies report recommended that regulators assume that all exposures, even
low level, are associated with some leve! of risk, unless there is sufficient data to the contrary,
after accounting for background cherhical exposures, blotogscai make -up, and population
variability.

Because of the severe and lasting harm from lead, mercury, organophosphate pesticides, and
other developmental neurotoxic agents that are widely used in commerce, acoalitimbf expert
researchers and medical health associations came together to from Project TENDR: Targeting
Environmental Neuro-Development Risks.** The coalition issued a consensus statement
supported by the following professional associations: The American College of Obstetricians
and Gynecologists (ACOG); Child Neurology Society; Endocrine Society; international )
Neuratoxicology Association; International Society for Children’s Health and the Environméﬁt;
International Society for Environmental Epidemiology; National Council of Asian Pacific Islander
Physicians; National Hispanic Medical Association; National Medical I Association. Specific to
imidacloprid, these experts also warned that, “When the federal government banned some
uses of QP pesticides, manufacturers responded by expanding the use of neonicotinoid and

pyrethroid pesticides. Evidence is emerging that these widely used classes of ;}egt:mdgs pose a
tiﬁreat to the developing brain (Kara et al 2015) “.* The TENDR consersus statement
recommended that, “Fvidence of neurodevelopmental toxicity of any type— epidemiological or
toxicological or mechanistic—by itself should constztute a sagnai suffzmeﬂt to trwger h
prioritization and some level of action,”* ‘

It is a reasonable scientific presumption that imidaclopfid - which has endocrine disruption
activity and is a developmental neurotoxicant - should warrant the use of the full 10X FQPA
factor where reproductive aged women and children may be exposed.

4. All pet collar uses pose an unacceptable risk to cﬁiidren; they should he cance&led o
immediately, Further, EPA’s methads are likely g significant underestimate of risk

EPA acknowledges that exposure tochildren 1-2 years old, the most vu%n_éra%:le age group,
exceed EPA’s Level of Concern from the pet collar uses alone (see HHDRA Table 6.2.2,, page 31}.

* hitp:/fprajecttendr.com :
* Kara I, Yumrutas O, Demir CF Czdamir HH, Bozgeyik |, Coskun 5, et al. 3315 fsecticide imiﬁdffﬁpﬁd influences
cognitive functions and aﬁt&»rs iﬁammg performance and related gene nx;:smsoaon in a rat model. Int } Exp Pathol
9B{51332-337
* Bennett ©, Sellinger BC, 8smbanm LS, Bradman A, Chen A, Cory-Slechta DA, Engel SM, Fallin MDD, Halladay A,
Hauser R, Hertz-Picciotio |, Kwiatkowski €F, Lanphear BP, Marquer E, Marty M, McPartiand §, Newschaffer £,
Paynasmz‘gea D, Patisaul HB, Perera FP, Ritz B, Sass §, Schantz 5L, Webster TF, Whyatt RM, Woodruff T4, Zoeller RT,
Anderko 1, Campbell €, Conry JA, DeNicola N, Gauld RN, Hirtz D, Huffling K, Landrigan PJ, Lavin &, Mifler M,
Mitchell MA, Rubin L, Schettler T, Tran HL Acasta A, Brody C, Miller £, Miller P, Swanson M, Witherspeon NO;
Armnerican College of Obstetricians and Gynacologists IACDG): Child ¢ ’\fwmmgy Sacrety Endocrine Stjcmzv,,
International Neurotoxicoingy Assaclation; International Society for Children’s Health and the Envemnmpnt
international Society for Envirpnmental Epidemiclogy; National Coundl of Aslan Pacific slandier Physicians;
Mational Hisparic Medical Association; National Medical Association. Project TENDR: Targeting Environmental
Meuro-Developmental Risks The TENDR Consensus Statemaent. Environ Health Parspect. 2016 jul 1;124{7HA118-22.
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This is the case for alf pet collar scenarios, both cats and dogs of all sizes, for both the

- presumption of a pet collar exposure of 50%liquid/50%dust ratio, and 1%liquid /99%dust ratio.
Some exposures are excessive from tdermal routes of exposure alone (small cats), and all
scenarios are excessive from oral routes of exposure. In summary, alf pet collar uses “fail on
their own” (HHDRA, p. 32), even before additional residential exposures are aggregated
{including dietary and non-dietary home exposures), Given these excessive risks to children,
EPA should cancel all pet collar uses of imidacloprid immaediately - safer affordable and
effective alternatives already exist.

EPA calculates exposures, and then comparas them to the total target Margin of Exposure,
MOE. Risk estirmates exceed the Leval of Concern {LOC) when they are helow the target MOE,
which EPA determined to be 100 {the product of a 10X interspecies and 10X intraspecies
factor). In the HHDRA, the total MOE's for pet collar scenarios for children 1-2 vears old range
from 18 to 96, where the lower valies carry the highest risk, and alf values below the target
MOE of 100 exceed EPA’s LOC. Eor example, the MOE of 18 {collars on small cats, assuming
1%liquid/99%dust ratio} are 5.5-fold lower, and therefore exceed the LOC. Had EPA used an
additional 10X FQPA - as the law requires and these comments argue for ~ then the target MOE
would have been 1000. In this case, the MOE of 18 would have been excessive by 55-fold.

Not only has EPA determined that all pet collar uses pose excessive and unacceptably high risks
to children, but EPA’s methods are likely to underestimate risk in several important ways,
detailed below: '

EPA underestimates time with pet

Relying in its existing methods, EPA fails to prﬁ§e:ct children who spend more than 1 hour per
day in contact with their pet from harmful exposures to imidacloprid products. For its standard
protocols, EPA has utilized data from a single study, with only nine children, as the basis for its
Exposure Time (ET} variable derivation such that the risk assessment assumes that toddlers
spend only one hour per day playing with their pets, Because EPA chose to use the median of
this extremely limited study, half of the children spent more than one hour per day playing with
their pets and are therefore not protected by EPA’s standard. Importantly, at least two of the
nine children in the study spent more than an hour and a half with their pets each day, and at
feast one spent over two hours. EPA doss not provide evidence from studiss of children’s
interactions with their pets to support the claim that the assumptions in the 2102 Residential
S0P — that one hour of exposure to the treated pet during which a child touches the pet 4 times
and engages is hand-to-mouth activity- reflects a reasonable high-end estimate of time spent in
contact with a pet treated with imidacloprid pet products.®® Published studies have reported
that found that, on average, children put objects in their mouth while playing 15 times per hour

®ERS 2015, Tetfachlondnphos {TCVP): Responses to Arguments Presented in the Matura! Resources Defense
Council Int’s (NRDC) August 5, 2015 Opening Brief in NROC v EPA, Case No, 15-7005 {9 Cir 1 p.8
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{and, at the high end, 66 times per hour].”’ In summary, EPA’s repeated insistence that its SOP
captures ’fvigamus”v contact with a pet and that a child would not be expected to have this type
of contact with a pet for more than 1 hour per day is not supported by any evidence. To.
account for the limited nature of the dataset, EPA should use the upper portion of the
distribution (95-99" percentile) and assume that children spend at least two hours with their
pets per day. indeed, in other risk assessments, EPA has assumed that children spend two
hours per day playing thh their pets.*®

EPA disregards additionol indirect routes of exposure

EPA failed to evaluate indirect exposure routes, such as contact with a surface contaminated by
pesticide residue or mouthing of objects which mntam pesticide residue. There is evidence in
the published literature that pet pesticides can contaminate surfaces that children can come
into contact with and that children’s object-to- mouth activity can resuft in increased exposures
ta chemicals.™® Other surfaces which could reasonably be expected to have imidacloprid
residues include clothing, furniture, rugs, pet bedding, and any other place in the home that
comes into contact with the fur of the pet and that a child might touch with their hand.orputin
their mouth. In g study conducted to evaluate exposures to pestici d?«ampreanatﬂd flea collars,
pesticide levels were measured in t-shirts worn by children who had treated pets in their
house.’® The researchers noted that two t-shirts worn were found to have significantly higher
levels of pesticide residue. The authors concluded that these higher levels were the result of
increases in the amount of time those children spent in direct contact with their pet dogs on
those days. This finding is additional evidence that EPA’s SOPs are likely an wnderesttmatg of
actual exposures and therefore risks to children. ,

Because it is reasonable to assume that a child could encounter imidacloprid residues by both
direct and indirect methods in a single day, the total dose experienced by the child is the sum of
all the exposure pathways. EPA provides no documentation that a child’s cumulative exposure
to surfaces cantaminated with residues resulting from contact with a treated dog or cat {i.e. the
bed where the dog sleeps and/or the chair where the grooms themselves} would be so low as
to not contribute to the cumulative daily exposure.

EPA’s Risk Estimates | for iqud Formulations Undere:;trmate Exposure

“¢as, Schaefer PD, Vicario CM, Binng Hi: Safer Yards Project. Reiatianshmﬁ of wdea asses&;mmts of muchmg and
mouthing behaviors during outdoor play in urban residential vards to parental Qemept;ans of child behaviors and
blood lead levels, § Expo ¢ Enwiron Epidemiol, 2007 Jan; 17{11:47-57,

% See EPA Reregistration Eligibility Decision for Dichlorvos {DDVP) 167 {July 31, 2008},

 Davis, M. Keith, et al. "Assessing intermittent pesticide exposurs from figa control collars containing the
arganophosphorus insecticide tetrachlorvinphos.” Journal of Exposure Science and Environmental Epidemiology 1-
7 {2008} 6

# Davis, M. Keith, ot al. “Assessing intermittent pesticide exposure from flea control collars containing the
a)rﬂamph@sphorus; msvct:csde tetrachlorvinphos.” fournal ofEs‘pi:rr:ure Sciernce and Environmental Epidemivlogy 1-

7{2008): 6
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We are pleased that EPA has updated its m‘éthodmfagy for assessing pet collar uses, to consider
either liquid or solid {dust) formulations, and assuming various liquid/dust ratios [HHRA o5,
Section 6,21, This is important because EPA's assumption in its 2012 Residential Standard
Operating Pracedures {SOPs) that flea coilars “are designed 1o release the active ingredient in
liquid form” is not substantiated by the evidence and should not be reliad upon to evaluate risk,
To the contrary, in the evaiuvation of tetrachiorvinphos {TCYP) impregnated collars, all the
documents in the docket for the registration review describe the collar farmulation supports
the characterization as a solid formulation. £PA summarizes this evidence in the TCVP
document containing responses to the arguments raised in the NRDC's opening brief. In this
document, EPA confirmed that more than half of the total pet collar products include text on
the label describing the refease of a powder from the collar. EPA then concludes that "soma
collars may act by extrusion of the active ingredient from the collar matrix as fine dust,” n
contrast, EPA’s only justification for the characterization of the coltars as Higuid formulations is a
referance to the 2012 S0P and the explanation that this position was based upon “research
conducted at the time of the SOP déveiogmmit,”’ No citation or evidence is if any of the collars,
currently available on the market, function in any manner that resembles a liguid,

Therefore, EPA’s updated agpréach to evaluate the risk to children from these products must
be based on the realistic assumption that exposures are medammast!y from pesticide dust.

RISKS ARE EXCESSIVE USING DEFAULT 10X Fapa

As described above, an FQPA factor of st least 10X is warranted, and if this were dong, acute
dietary {food and drinking water} exposures {reportad as the acute and chronic Population
Adjusted Dose, aPAD and cPAD} would exceed the Level of Concern {LOC) for all populations,
including the most vulnerable—infants, children 1.2 years old, and women of reproductive age
(WORAJ. Chronic dietary exposures would exceed the LOC for children 1-2 vears old.

{See Table below, adapted from EPA HHORA, Table 5.4.4., page 23. All values that exceed the
LOC are in boid).

% of aPAD, % of aPADIf | % of cPAD, | % of cPAD I
using 1X EPA applies | using 1X EPA applies
FOPA 10X FOPA FOPA 10X FOPA
General US population | 38 380 5.8 56
All infants {under 1 yr} 84 840 . 9.8 98
Children 3-2yrs - 93 930 12 120
Children 3-5 yrx 73 730 8.8 85
Children 5-12 yrs 45 450 5.8 56
Youth 13-19 yrs 27 ‘ 270 4.0 40

Hpma 2015, Yetrachiorvinphaos (TCVF): Resgonsaes to Arguments Presented in the Natural Rescurees Defense
Councll Ing’s (NRDC) Aupust 5, 2015 Opening Briel in NRDC v £P4, Case No, 15-7005 (9% Grips
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Adults 20-49 yrs 29 290 5.2 52

Adults 50-99 yrs. | 29 290 54 54

WORA: famales 1-3w4_":”é 29 290 51 51
yrs:

There are many well-recognized factors that can lead to a significant increased exposure to
pesticides in young children compared with adults, making children more vulnerable 1o the
harmful effects of pesticides:

* Young children spend more time crawling on the floor where pesticide dusts can settie,
picking up residues on their hands and clothing, and then thumb- sucking or putting their
hands in their mouths during eating, sleeping, and playing. This leads to transfer of
pesticide residues from the home to the child {Hyland and Laribi, 2017; NRC 1993)

# Young children have less varied diets compared to adults, and frequently have more
foods with higher levels of pesticide residues, such as fruits, fruit juices {Cohen Hubal et
al., 2000; Freeman et al,, 2005, 2001; Lu et al,, 2006},

» Children also eat, breathe, and drink more on a per kilogram basis than adu £5;
estimates have shown that caloric consumption is about two and 2 half times greater for
infants than adults, when normalized for body weight (NRC, 1993).

# In addition to higher exposure levels and higher absorption rates, children also have less
ability to metabaolize and eliminate many chemicals (Roberts and Karr, 2012). For
example, extensive research has shown that children below the age of seven have
significantly lower levels of paracxonase 1 (PONL}, an enzyme that detoxifies some
pesticides in humans; lowered expression of PONT, from infant exposure to
neonicotincids, has been linked to the development of Autism in North American
children {D'Amelio et al., 2005). '

For the gbhove reasons, Congress directs EPA under the FQPA to add a 10X safety factor to
adjust for added risks from exposures to pregnant women and young children, However, in its
imidacloprid assessment, EPA removed it in full, selecting a 1X for all acute and chronic risk
assessments. EPA should restore the 10x factor for all populations, especially for children and

women of reproductive age.

Even without use of the legally-mandated default 10X FQPA, all pet collar uses pose an
unacceptable risk to children. For this reason, EPA proposed to exclude them from the
aggregate assessment (HHDRA, p. 33-34}, EPA should cancel all pet collar uses effective
immediately, because EPA has determined that their risks to children are excessive.

EPA VIOLATES CANCER GUIDELINES ~ FAILS TO ADDRESS CANCER RISKS
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Properly conducted chemical carcinogenesis bioassays in animals have long been recognized
and accepted as valid predictors of potential cancer hazards to people.® The relevance of
experimental bioassays to humans rests on four well-accepted observations:
*  Experimental animals and humans are mammatls sharing many basic genetic,
pharmacologic, toxicologic, and carcinogenic responses;
¢ Findings from independently conducted bivassays on the same chemicals are
consistent;
# Al known human carcinogens that have been tested adeguately are also carcinogenic in
animals and, almost without exception, share identical target sites; and
* Nearly one-third of human carcinogens were first discoverad to induce cancer in animals
{e.g., 1,3-butadiene, diethylstilbestrol, dioxins, ethylene oxide, Z-naphthylamine,
formaldehyde, vinyl chloride}, although most of these were not regulated by EPA until
human evidence mounted.”

Despite animal toxicology evidence to the contrary, EPA HHDRA {2017} confirmed its pravious
classification of imidacloprid as g “Group E” carcinogen {evidence of non-carcinogenicity in
humans”} by a HED RfD/Peer Review Committee (EPA 1993; EPA HHDRA 2017, p. 18). However,
this predates the EPA Cancer Guidelines (2005), and should he re-done in a transparent and
publicly-accessible manner.

For the reasons detailed in this section, according to EPA’s own Cancer Guidelines imidacioprid
should be classified as posing a cancer risk to humans based on the evidence from liver tumars
in the male rats, including statistically significant adenoma/carcinomas and statistically
significant rare cholangioceliular carcinomas, which is a very aggressive and often deadly cancer
in humans.,

According to the EPA Cancer Guidelines, characterizing a chemical as not carcinogenic is a high
bar, and requires robust data, consideration of alf routes of exposure, a full range of doses, and
all mechanisms of action relevant to humans. For tmidacloprid, EPA did not have any evidence
at zlt for non-carcinogenicity, and in fact wrongly dismissed affirmative evidence of
carcinogenicity from robust guideline studies.

% Haseman §, Melnick R, Tomatis L, Huf §, Carcinpgenesis blioassays: stugy duration and bislogical relevance, Food
Chem Taxicol. 2001;30,738-744. '

Huff & Walue, validity, and historical developmeant of carcinogensesis studies for predicting ang canfirming
carcirogenic risks to humans. In: Gtehin KT, editor. Carcinogenicity Testing, Predicting, and Interpreting Chemical
Effects. New York: Marcsl Dekker; 1999, pp. 21123

Huff }, Jacobson ME, Davis DL The Limits of Two-Year Bivassay Exposurs Regimens for fdentifying Chemical
Carcinagens. Environmental Health Perspectives. 2{308;11{5{11}:143944&1

Maltoni C. The contribution of experimental {animal} studies to the control of industriaf carcinogenesis. Appl
Qecup Environ Hyg, 1995 10: 749750,

Tomatis L. identification of carcinogenic agents and primary prevention of cancer, Ann MY Acad Sob. 2006:1076: 1~
14
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The following subsections detail areas where EPA ignored elevated cancer risks, deviating from
TS oWn cancer gui aelmes : :

Chr@nﬁc/@ncageni& Oral ‘_Swdies - Rat

EPA {1993} had two chronic feeding/oncogenicity studies in rats (83-1, 83-2; MRID 422563-31,
422563-32). imidacloprid {94.3% active ingredient) was administered to Wistar rats
{50/sex/group) in the diet at concentrations of 0, 100, 300, and 900 ppm {0,5.7, 17, or 51
mg/kg/day in males and 0, 7.6, 25, or 73 mg/kg/day in females) (Eibm« and Kaliner, 1991; Cal
EPA 2006).% Interim examinations were conducted on an additional 10 rats/sex/dose after 1
year after treatment, A supplemental study to detarmine the maxwum tolerated dose {MTD)
was conducted on 50 rats/sex/dose that were either used as controls or administered
imidacioprid at a concentration of 1,800 ppm {103 mg/kg/day in males and 144 mg/kg/day in
females) for two years, The two studies wers reviewsd together by EPA, and data from the
control animals were pooled together from both stud dies. Re»uita are summarized in the Table
below {wpit.d from Cal DPR-2006).5% ‘

Trnnoy Incidinces foan G i Wisaw Bag

imchdene of Mepplastic Lesioms

24 muarhs

o . Yajws C L ’ Females
D {ppun ) 109 e 00, | 1509 & 1w 3k 203 - | 1304
srae e day K 2Y 34 &3 143 & L TE 1% TE . $ 44
& o0 & 4 b & et &
i & h i 2 4 3 i
% i § g i i i H §
3 ] i (s % Ee ¥ ¥
M i S £ 53 &
£} i - £
] i ; i B :
i i § i z
sidur capuapony LT i i ] 3 ] i

The cholangiacellular tumors ~ being very rare, and being outside the historical control range -
should have been considerad evidence of carcinogenicity. EPA Cancer Guidelines stipulats that
for rare tumors a lower standard of statistical significance should be applied (EPA 2005 Section
2.2.2.1.3).% The NIEHS National Toxicology Program alse considers rare tumars even if their
incidences do not reach significance, particularly if they are outside the historical range as was
the case in this imidacloprid study. The Organisation for Economic Coogeration and

3 Cal DPR 20086 Eiber and Kaliner, 1991 and reparted in California Environmental Protection Agercy Departrment
of Pesticide Regutation {Cal DPR). 2006, Risk Characterization Document for imidacloprid, Available at:
hitp/ fwww cdpr.oa.gov/docs/riskfrod/imidacioprid.pdf , :
3 Cal DPR 2006, Table & in Risk Chardeterization Docurment for midaciopeid. Available ab
’mt**a fweww cdpr.ca govidoos/frisk/red fimidacioprid.pdf :
B hetpsof S epa.gov/sites/production//files/ 201309 fdocuments/fcancer_guldaiines fiﬁi}! B-25-U5 . pedf
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Development {OECD} rules are the same, “a non-significant increase for a rare tumour may be
considered a true negative if it falls within the historical control range”>® which was not the
case here, and therefore the tumors should have been seen as evidence of cancer. Moreover,
from a clinical and human risk standpoint, chalangioceliular carcinoma is a very aggressive type
of cancer (intrahepatic and extrahepatic liver tumor) that has no efficient screening markers so
is often diagnosed in patients when it is too late to deliver life-saving treatment {the five-year
survival rate is only 17-18%).57 % Approximately 6 thousand new cases of this deadly cancer are
diagnosed annually in the U S, {approximately 2-3% of new cancer cases each year}. This should
have been seen as evidence of cancer.

The hepatic adenomas and carcinomas shauld have been considered as evidence of cancer risk.
Liver tumors were reported in the male rats; these included 1/100 carcinoma in the control
animals, 1/50 carcinoma at the lowest dose, 1/50 carcinoma in the mid-low dose, none in the
mid-high dose, and 2/50 in the high dose group. This means that each of the treatment groups
{except the mid-high dose} has a 2-fold higher incidence of carcinomas as the control group,
and 4-fold higher in the high dose group if adenomas and carcinomas are combined. The
standard practice is to combine liver adenomas and carcinomas® because in people adenomas
can proceed to malignant carcinomas; medical standard practice is to treat them similarly, by
surgical removal, Hepatoceliular carcinoma is currently the sixth most common type of cancer
globally, with a high mortality rate and an .is}creasihg incidence worldwide, 5

The liver adenomas and carcinomas should not have been dismissed with the excuse that the
incidence was within the historical range for the tumors. Using historical controls to dismiss
tumors is a violation of the EPA Cancer Guidelines. Historical controls are generally the
historical collection of tumor responses from untreated control groups from studiesin the same
lebaratory within two to three years of the study being evaluated — the study provides no
details about whether the historical controf data is appropriate (from the same lab within a few
years). The EPA Cancer Guidelines are clear that, “the standard for determining statistical
significance of tumor incidence comes from a comparison of tumors in dosed animals with .
those in concurrent control animals” (EPA 2005 Section 2.2.2.1.3}.%! The Guidelines specifically
state that, “statistically significant increases in tumors should not be discounted simply because
incidence rates in the treated groups are within the range of historical controls or because
incidenice rates in the concurrent controls are somewhat lower than average.” (EPA 2005
Section 2.2.2.1.3).% The internationally accepted OECD Guidelines also warn against using

** OECD 2010, Draft Guidance Document 116 — Section 4. Paga 27.
hi:ms:{fwww.aacd,@rgjch-esmica%aafétyfte&tingi&S%ESQ253.;3::!? :

*Vogel A, Saborowski A, Cholangioceliular Carcinona. Digestion. 2017,95{31:181-185.
https:/fwww.nebinlm.nih gov/pubmed /28288474

* https://sear.cancer.gov/statfacts/html/ fvibd. htrm :

* MeConnell B8, Sollaveld HA, Swenberg JA, Boorman GA. Guidelines for combining neoplasms for avaluation of.
rotent cardinogenesis studies, § Natl Cancer tnst, 1386 Feb, 7T5{21:283-8.

¥ Schiageter M, Terracciano LV, ¥Angelo 5, Serrenting P, Histopathology of hepatoceliular carcinoma. Waorld
Journsl of Gastroenterology | WIG. 2014;30{43), 1595515964, ; :

5 hittpsif/ www.epa.gav/sites/productionfiles/2013-09/ documents/cancer guidelines_final_3-25-05 pd?

2 https:/ feww.epa.gov/sites/ pmducﬂ:im,fﬁEes;’Z{}lS~{)‘3;’da£uments;"caamcerm‘gus’de!inesmﬁﬂai_‘__Snz.Sw{}S.pdf
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historical contral data because it can be very misleading and mischaracterizing positive
evidence of cancer.asmnegative or no evidence (as in this case). OECD Guidelines stipulate that
the use of historical control data may only be appropriate if there is evidencé that the data
from concurrent cortrols are “substantially out of line with recent data fromycortrol animals
from the test facility colony” — there is no documentation of such a pmbiem with the
concurrent control data in this study (OECD 2010, Section 5.4.4).53 '

EPA (1993) dismissed cancer evidence at high doses, citing a potential for genera§ toxicity in the
highest dose group. Toxicity would present itself as either an increase in mortality in this group
and/or a significant reduction in body weight without a significant rétfuction in food '
consumption. Itis not clear if this was the case — no data was presented to support this claim.
Moreover, the liver tumors in male rats were also observed at lower doses, making it -
biologically plausible that the bnes at the highest dose are also treatment related.

The studies for imidacloprid are likely to underestimate human cancer risks because they were
only Z-years long, which is equivalent to a person of about 70 years old; this fails to address the
fact that most cancers in humans do not occur until after this age: Since shout 80% of all human
cancers occur in people over the age of 60, even a conventional 2-year bivassay does not have
sufficient latency period to detect tumor that will occur later in 1ife.%* Cadmium is an example of
a chemical that was not shown to-be carcinogenic In 2-year studies of Wistar rats® but caused
various tumors in the jung in a 31-month study of Wistar'rats.5 Toluene is another example,
Soffritt et al. {2004} orally treated Sprague-Dawley rats with toluene for 2 years and observed
then for an additional 6 months. At the end of this observation period, significant increases
occurred in several tumaors, including total malignant tumars; tumors of subcutaneous tissue,
mammary glands, and oral cavity, lips, and tongue; and lyrphomas/leukemias.? In contrast,
the National Toxicology Program’s {NTP) Z-year inhalation bicassays in Fischer rats and B6C3F
mice did not detect any chemically related tumors.™ Thus, the 26 extra weeks of observation
without additional exposure in the Sprague-Dawley study of Soffritti et al (2@(}4} allowed time
for tumors to develop, progress, and become detectable 5 NIEHS Scientist and former Chief of
the IARC Monograph Programme, Dr. James Huff and co-authors concludes that ceasing
exposure-at 2 years without monitoring tumor development for additional time cannot
astimate the impact of food additives, drugs, and other chemicals an humans who die in their

% hitp/ fwww.oeed. org/chemicalsafaty/ftesting /44860015, pdf

“ Huff §, Jacobson MF, Davis DL. The Limits of Two-Year Bioassay Exposure Regimens fﬁr deﬂtifymg Chemical
Carrzmﬂgens Environmental Health Perspectives, 2008;116{115:1439-1442

55 Loser E. A 2 yesr oral carcinogenicity study with cadmium on rats: Cancer Lett. 1980,9:191~198
% Takenaka 3, Oldiges H, Konig M, Hochrainer I, Oberdorster 6. Carcinogenicity of cadriium f:hlc:r;de agrosols in W
rats. I Natl Cancer Inst. 1983 70:367-373
5 Soffritti M, Belpoggl 7. Padovani M, Lauricla B, Degf Espasti D, Minardi £, Life-time carcinogenicity beoas«says of
toluens given by stormach tube to Spragus-Dawley rats, Eur § Oncel. 2004:9:91-102.
® Huff 1. Absence of carcinogenic activity in Fischer rats and BSC3F1 mice f@liuwmg 103- wswk mha?at;m exgmsums
to totuene, Int § Oocup Environ Health, 20039138146

% Soffritti M, Belpoggi £, Padovant M, Lauriola M, Degh Esposti I, Minardi £, Life-time carcinogenicity binassays of
toluene given by stomach tube to Sprague-Dawley rats. Eur | Oncol, 2004;9:91-102.
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70s or later.”® That is why scientists at the National Institutes of Environmental Health Sciences
{NIEHS) reject the notion that an 18-month rodent bivassay {about 30-50 years in human agelis
tong enough to reliably predict cancer risks.” Instead many scientists recommend extending
the rodent bioassay to 30 months, and including pre-natal exposures.™

EPA should re-do its cancer assessment for imidacloprid, and identify its cancer risks consistent
with the available evidence, including statistically significant adenoma/carcinamas and
statistically significant rare cholangioceliular carcinomas, which is a very aggressive and often
deadly cancer in humans. -

Chronic/Oncogenic Oral Studies ~ Mice

EPA {1993} had two chronic oncogenicity oral feeding studies in mice (83-2: MRID 422563-35,

422563-36). The mice studies are so poorly conducted that they should be deemed as
impossible to interpret, and not as evidence far lack of carcinogenicity,

imidactoprid (95.3% a.i.} was administered to BECIF1L mice (50/sex/dose} for a period of 24
months. The dietary levels were 0, 100, 330 or 1000 ppm {Watta-Gebert, 1991) and 0 and 2000
pprm (Watta-Gebert, 1991a). Ten more mice/sex/dose were used for interim examinations after
12 months of treatment. The two studies had similar protocols and, therefore, were evaluated
together. The reported average daily doses were 0, 20, 66, 208 or 414 mg/kg/day for males and
0, 30, 104, 274 and 424 mg/kg/day for females. : . '

Cal DPR™ reparted that the food intake represented about 22-28% of the body weight of an
adult mouse — which is a gigantic range, and at the upper end is an inconceivably high amount

 Huff 1, Jacobson MF, Davis DL The Limits of Two-Year Bivassay Exposurs Regimens for tdentifying Chemical
Carcinogens. Environmental Health Perspectives, 2008;118{111:1439-1442

** Bucher IR. The National Tendeology Program rodent hioassay: designs, interpretations, and scientific
contributions. Ann NY Acad 5ci.2002:982:198-207. ‘ e

Haseman J, Melnick R, Tomatis L, Huff J, Carcinogenesis bioassays: study duration and binlogical melevance, Food
Chem Toxicol. 2000:3%:739-744., . :

Kodell R, Lin RK, Thorn BT, Chen 11, Bivassays of shortenad duration for drugs: statistical implications. Toxico! 5ci.
2000,55:415-4332, v

" Haseman §, Mainick R, Tomatis |, Huff . Cardinogdnesis binassays: study duration and bislogical relevance. Food
Chem Toxicol 2001:39:735-744, L : o

Huf L Chemicals studied and evaluated in lorg-term carcinogensasis bicassays by both the Rarmazzin Foundation
and the Mational Toxicology Program: in tribute to Cesare rattoni and David Rall, Ann MY Acad S0 2002,982:308
230, : : : '

HuFf I, Lunn BM, Waslkes MP, Tomatis L Infante PF, Cadmivm-induced cancers In animals and in humans, Int }
Cecup Environ Health. 2007,13:702-212 : :

Maltoni C. The contribution of experimantal (animal} studies 1o the controf of industrial carcinogenesis. Appl
Qecup Environ Hyg. 1995:13:749-760, R : '

Soffritth M, Belpoggi F, Minardi £, Maltoni C. Ramazzini Foundation cancer program: history and major projects,
life-span carcinogenicity bivassay design, chemicals studied, and rasults) Ann NY Acad Sci, 2002;983.26-45.

 Cal DPR 2006, Risk Characterization Document for tmidacloprid, Available at:
ht‘?;p:/fwww,e:dpr,cam‘gm!mm{riswrcdﬁmEdaf:icmid,pdf
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of food. Cal OPR proposes that, “these high levels of food consumption (and imidacloprid
intake) may be due to not accounting for food spillage in the calculations for the consumed
food.” {Cal DPR, page 39} This essentially means that the dose per animalis unknown or at best
can anly be roughly guesstimated. A marked increase in mortality was reported for the males in
the 2000 ppm group that died intercurrently {34 % vs. 12% control, p=0.002]), which Cal DPR
stated was, “due to the large number of males, which died during manipulations such as blood
withdrawals, tattooing or as a result of being caught in the automatic feeder. The later was
attributed by the authors to the general debilitation and major reduction in body weights
caused by imidacloprid” (Cal DPR, page 39). ™ These deaths caste serious doubt on not-only the
scientific claims of the study, but on the ethical conduct as well — and for good reasons.

EPA {1993) considered the mouse studies to be evidence of lack of carcinogenicity, with a
NOAEL of 1000 ppm (208 mg/kg/day in females; 274 mg/kg/day in males), and a LOAEL of 2000
ppm based on decreased body weight, decreased food consumption, and decreased water”
intake in both sexes.”Cal DPR also considered the mouse studies to be evidence of lack of
carcinogenicity, but took a more health-protective approach to'deriving a risk estimate: “DPR
toxicologists adjusted the ingestion of imidacloprid to 1/7 of the mice mean body weight...
which is-similar to a default food consumption of 15 % of the body weight of an adult molse.
The revised NOEL would be 47 mg/kg/ciay, based-on the’: revtsed LOEL of 143 mgfkgfday” {Cal
[IPR, page 39).7¢ :

While Cal DPR risk estimates are over 4-fold more health protective, both EPA HHDRA and Cal
DPR should not be using such a poorly conducted and unreliable — and likely also unethical -
study as affirmative information for lack of carcinogenicity, especially when the individual food
consurnption and therefore the dose was plucked frofm thin air, and the mice were being killed
with ether, handling, and their own feeding device! Cancer and other chronic disease stood
little chance of being noticed amid such seemingly acute mistreatment and protocol
mismanagement.

Overall, the mouse study is uninformative of cancer risk, and therefore cannot be used to
dismiss affirmative evidence of elevated liver cancer risk from the rat studies.

Chronic/Oncogenic Orgl Studies — Dog

EPA {1993} had one chronic and carcinogenic oral feeding study in dogs (MRID 1122730~02; Alen
et al 1989), Imidacloprid was administered through the diet for a period of 52 weeks to adult

¥ Cal DPR 2006, Risk Characterization Document for imidscloprid, Available at:

http:/ ferww crlpr.ca.gov/donsfriskfred fimidacioprid pdf

EPA 1993, 1D Mo (U3125-UEE, 003125-UEG, 3F04159, 3HOS655, Imidacloprid Evaluation of Toxicity Dara
Submitted and {dentification of Qutstanding Toxicology Data Requiraments. Tox review Q10537 09/03/1993,
Available on Chem Search and at bitps:/fwwwi.epa. gav{pe;tac;des!ch@m mearchlcmared rewemg’csr PC~
129099 3-5ep-93 041 .pdf

& Cal DPR 2006, Bisk Characterization Document for imldaﬂopnd Avaaﬂ;abée @t

http/ faww.cdpr.ca.gov/docs/risk/red/imidaclonrid . pdf - .
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Beagle dogs {4/sex/dietary level) at 200, 500 or 1250 ppm. The 1250 ppm dose was increased
to 2500 ppm from week 17 to the end of the treatment. These levels correspond to daily doses
of 6, 15 and 41/72 mg/kg/day. The chronic oral NOEL was established by the authors as 500
ppr {15 mg/kg/day), based on liver changes at the LOEL of 1250/2500 ppm {41 mg/kg/day).
EPA derived a NOAEL of 1250 ppm and a LOAEL of 2500 ppm, which is 2.5-fold weaker {more
permissive] than the NOAEL derived by the authors,

Overall, the dog study is uninformative of cancer risk and therefore cannot be used to dismiss
affirmative evidence of elevated cancer risk from other studies. o

CONCLUSION:

NRDC makes the following recommendations, based on the scientific record detailed in our
comments; , -

« {onsistent with the available evidence, EPA should apply an FQPA factor of at least 10%
to account for the evidence of developmental neurotoxicity, including the more severe
and even deadly effects in the offspring compared to the less severe maternal effects,

* EPA should classify imidacloprid as an endocrine disruptor, consistent with the
affirmative evidence of biclogically relevant adverse effects from the EDSP Tier 1 tests.

#  EPA should re-do its cancer assessment of imidacloprid to address the evidence of
cancer risks, including significant elevate risks of rare and deadly cancers, from guideline
studies.

* EPA should cancel all pet collar uses because of the excessive risks they pose to children;
risks would be calculated to be even higher if EPA applied the tegally-mandated default
10X FQPA factor.

In summary, EPA is in the business of protecting the public, not agrochemical company profits.
Or. Melnick, retired career NIEHS scientist, warned that serious public health conseguences
may follow if chemicals are misclassified as less toxic or non-toxic based on untested
mechanistic hypotheses, poorly validated tests, or incomplete data sets. In his words,
“Idleclaring a chemical as not hazardous, or reducing a leve! of health protection, should
require validation, not speculation.””?

The warning against false negatives ~ calling something safe when it is harmful ~ is echoed by
EPA statistician Herbert Lacayo in 3 recently surfaced internal EPA memao an glyphosate cancer
risks. In his 1985 memo dismissing Monsanto's pleas to ignore cancer evidence in rodents
treated with glyphosate, Dr. Lacayo wrote, “Cur viewpoint is one of protecting the public health
when we see suspicious data, |t is not our job to protect registrants from false positives.” "8 Epa
OPP must not lose its way.

7 Melnick RL, Kamel F, Huff 1. Declaring chemicals "not carcinogenic to humans” requires validation, not
speculation. Enviran Health Perspect. 2003 Apr i1 L{4rA203-4,

P EPA 1985, Memo from Herbert Lacaye, Statistician, to Reto Engler, Chief on the Use of historical data in
determining the weight of evidence from kidney tumor incidence in the Glyphosate twa-year feeding study; and
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Thank you for the opportunity to provide commaents.

Resgéctf’uiiv submitted;

lennifer Sass, Ph.D.
Natural Resources Defense Council, Senior Scientist

Ruth Berlin, Executive Director
Maryland Pesticide Network

Cynthia Palmer,
Director, Pesticides Science and Regulation
American Bird Conservancy Ik :

some remarks on false positives.

https:/farchive epa, gwiwstsceéefs,f{:hemmaisaafmg‘thecmcaiffmafw@b/;xdffmsﬁ@lfi%ﬁﬂi 170.pdf
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